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D. N. DANFORTH* 


Occiput Posterior 





Northwestern University Medical School, Chicago 


I recent years it has 
become increasingly 
fashionable to regard 
the occiput posterior 
mechanism of labor as 
a normal occurrence, 
attended by only neg- 
ligible risk to mother 
and baby.’:* Although 
the definition of “nor- 
mal” is debatable, it 
does seem improper to 
place under this heading a mechanism which 
requires operative intervention in a high per- 
centage of cases, and which in a single series 
from a teaching institution’ is attended by a 
fetal mortality rate half again as high as the 
gross fetal mortality for the entire United 
States, as reported for the year 1953." 

There are admittedly certain fixed and not 
abnormal factors which predispose to the oc- 
ciput posterior mechanism, and with proper 
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management the maternal injury and fetal 
loss should be negligible. As is true in other 
obstetric complications, the outcome in the 
cases which require intervention is depend- 
ent largely on the time at which intervention 
is undertaken, the method which is selected, 
and the skill of the operator. Irrespective of 
the complacency with which some regard oc- 
ciput posterior, it is inescapable that an ill- 
timed and ineptly executed rotation from the 
posterior can have the most horrendous re- 
sults for both mother and child. Accordingly, 
this paper is based on the proposition that al- 
though the occiput posterior mechanism is 
common, it is nevertheless a complication of 
the first importance and is deserving of the 
obstetrician’s full respect. 


Etiology 


For the purpose of this discussion, we are 
not concerned with the cases of occiput pos- 
terior in which the baby is relatively small 
and the pelvis huge. Such cases obviously 
cause no alarm, and the baby may in fact 
emerge as though it had been shot from a 
gun. We are concerned here with those cases 
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in which both pelvis and baby are of average 
size, and in which the baby’s head must make 
certain changes in position in order to nego- 
tiate the various curves and narrow diameters 
of the pelvis. 

The classical work of Caldwell and Moloy 
and their associates has demonstrated beyond 
question that the anthropoid type of pelvis 
predisposes to the occiput posterior mecha- 
nism, and that in such pelves one may logical- 
ly predict a posterior mechanism provided the 
baby is large enough to require all the avail- 
able space. By definition, the anthropoid pel- 
vis is one which is similar to that of monkeys 
and anthropoid apes. This pelvis is long an- 
teroposteriorly with relative transverse nar- 
rowing at the inlet (figure 1). The fore pelvis 
is also narrow, and the posterior segment is 
large. The side walls of the typical anthropoid 
pelvis diverge, and the ischial spines are not 
prominent. The sacrum, instead of having a 
normal curve, flares far backward, thus in- 


creasing the posterior sagittal diameter both 
at the midpelvis and at the outlet. Accord- 
ingly, in such a pelvis, the roomiest part of 


the pelvis, from top to bottom, is the posterior 
segment. 

In considering the pelvic features which de- 
termine the mechanism of labor, two dicta 
have appeared which may be regarded as 
axiomatic: (1) The biparietal diameter of the 
fetal head is the shortest diameter and must 
therefore go through the narrowest diameter 
of the pelvis at any given level; (2) the oc. 
ciput generally tends to rotate to the widest 
portion of the pelvis at any level. Accord- 
ingly, it is evident that in the anthropoid pel- 
vis, which is long anteroposteriorly, the head 
should engage with the sagittal suture in the 
sagittal plane of the pelvis. Also, since the 
posterior segment at the inlet is deep, the head 
should engage in the direct occiput posterior 
position (figure 2). The extensive studies of 
Caldwell, Moloy and associates have shown 
that this is the actual occurrence in most an- 
thropoid pelves. Furthermore, since the pos- 
terior space is widest at all levels, it is evident 
that the head will descend, without attempt at 
rotation, in the direct posterior. 

It is of interest that in the monkey and ape, 





FIGURE 1. Anthropoid pelvis which is long anteroposteriorly with 
fore pelvis and large posterior segment. Side walls of the typical 
prominent, and the sacrum flares far backward, thus increasing 


pelvis and at the outlet. 
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relative transverse narrowing at the inlet; narrow 
anthropoid pelvis diverge, ischial spines are not 
the posterior sagittal diameter both at the mid- 
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FIGURE 2. The long axis of the fetal head adjusts to the longest inlet diameter. Transverse positions occur in flat forms 
“A” and posterior or anterior oblique positions occur in anthropoid types “B.” 


which normally possess this type of pelvis, the 
posterior mechanism is customary, and de- 
livery ordinarily occurs as a direct occiput 
posterior. Unfortunately, in the human being 
most of the anthropoid pelves are not pure 
types. Rather, instead of a wide flare pos- 
teriorly and diverging side walls, most fre- 
quently there is a forward lower sacrum which 
prevents advancement in the posterior. Con- 
verging side walls and prominent spines may 
also be present, preventing spontaneous rota- 
tion of the occiput away from the forward 
lower sacrum. In such a case, with forward 
lower sacrum, the head is already flexed to its 
greatest extent and therefore cannot negoti- 
ate the anterior curve produced by the for- 
ward lower sacrum. When the transverse diam- 
eter is ample, spontaneous rotation can easily 
occur. But where the side walls converge or 
the spines are particularly prominent the head 
must remain in this persistent posterior posi- 
tion, since it can neither advance nor undergo 
spontaneous rotation. Before delivery may oc- 
cur, the head must be raised over the level of 
the spines and rotated to the anterior position. 
It should be evident from this discussion 
that (a) a certain small percentage of cases of 
persistent occiput posterior should normally 
and properly be delivered as direct occiput 
posterior, face to pubes, and (b) many pos- 
teriors will rotate to the anterior spontaneous- 
ly. It should also be evident that the remain- 
der will properly require artificial rotation. 
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Conduct of the Second Stage of Labor 


It is a paradox that those who consider the 
posterior position most normal are also advo- 
cates of “prompt delivery after the second 
stage has been reached.”” The opposite ex- 
treme, which, happily, one also encounters 
rather rarely, is the practice of allowing an 
interminable second stage in the vain hope 
that spontaneous rotation will occur. In the 
first case, the failure to await descent of the 
head and consequent moulding invites injury 
to the baby and ignores the obstetric axiom 
that the lower the head at the time of inter- 
vention, the less the chance of injury. The sec- 
ond course is equally inadvisable. With good 
voluntary effort and efficient uterine contrac- 
tions, a head that has not rotated to ‘the an- 
terior within two hours will certainly not rotate 
after this time. Also, if one waits longer than 
two hours of an efficient second stage, he not 
only invites the development of a constriction 
ring or, in extreme cases, uterine rupture, but 
of more immediate interest he imposes on his 
patient an entirely unnecessary burden. A 
middle ground is the more rational. It is de- 
sirable to allow a full second stage of labor 
in order to achieve maximum descent of the 
head and maximum moulding. But if the con- 
tractions are efficient and voluntary effort is 
good, this should preferably be terminated 
after two hours; nothing further in the way of 
progress may be expected, and the hazard to 
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the patient is increased. In occasional cases 
where the second stage is marked by only 
mild contractions and voluntary effort is not of 
the best, it is permissible to allow the second 
stage to progress for much longer than two 
hours provided the patient is making steady 
progress, even though this progress is very 
slight. Once progress stops, the second stage 
must be terminated. 

A significant number of cases of so-called 
persistent occiput posterior are due simply to 
uterine inertia. In such cases the lower sacrum 
is somewhat forward, and the transverse diam- 
eter of the midpelvis is wide. With more ef- 
ficient uterine contractions or better voluntary 
effort, spontaneous rotation to the anterior 
would readily occur. In such cases the judi- 
cious use of prrocin®, if it is clearly indicated, 
or fundal pressure during a uterine contrac- 
tion will often suffice. This too is the case in 
which rotation can often be effected merely 
by exerting pressure on the parietal bone with 
two fingers or, in any event, without elevating 
the head. 

The remaining persistent occiput posteriors 
are those which cannot deliver in the posterior 
position because of a forward lower sacrum, 
as already described, and in which spontane- 
ous rotation is prevented by transverse nar- 
rowing of the midpelvis due either to promi- 
nent spines or to converging side walls. It is 
evident that delivery may be safely accom- 
plished only by elevating the biparietal diam- 
eter above the level of the spines and rotating 
to the anterior. 

There are many methods by which this ro- 
tation may be accomplished. The method 
which I wish to describe is one which I have 
used with entire satisfaction for the past 15 
years, to the exclusion of all other methods. It 
is simplicity itself and is very easily grasped 
by those desiring a safe, effective method of 
rotation. In the 85 times it was attempted since 
1946, there was one failure, which is attrib- 
uted to the injudicious use of spinal anes- 
thesia. There were no maternal injuries or 
injuries to the baby. The several steps in the 
rotation, as it was originally presented,* are 
as follows: 

1. A Tucker-McLean forceps, which is pref- 
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FIGURE 3. Anterior rotation for delivery during second 
stage. The head is gently pushed upward in the birth 
canal above the level of the arrest. Elevation is ordinarily 
continued until outpouring of amniotic fluid occurs from 
the introitus, signifying that the head has been sufficient- 
ly elevated so that easy rotation can be accomplished. 





FIGURE 4. Holding the head at level shown in figure 3, 
the handles of the forceps are then raised. 
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FicuRE 5. With handles raised and head held at this 
slightly higher station, the handles are caused to sweep 
through an arc of 15 to 30 degrees only. As head rotates 
through this short arc, it tends (or is allowed) to de- 
scend slightly, returning again to level of arrest. 





FIGURE 6. When head reaches occiput anterior position, 
the forceps handles now point toward the floor, and the 
concavity of the pelvic curve looks toward the sacrum. 
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erable for the rotation, is applied by an ac- 
curate cephalic application to the posterior, 
the concavity of the pelvic curve looking up- 
ward toward the face of the child. Since par- 
tial deflection attitudes are common in per- 
sistent posterior, the handles of the forceps 
are depressed slightly before locking. The in- 
strument is then locked. 

2. The head is gently pushed upward in the 
birth canal above the level of the arrest. This 
elevation is generally continued until an out- 
pouring of amniotic fluid occurs from the in- 
troitus, this signifying that the head has been 
sufficiently elevated that easy rotation can be 
accomplished (figure 3). 

3. Holding the head at this slightly higher 
level, the handles of the forceps are then 
raised as in figure 4. This is done in order that 
the tips of the forceps blades may be centered 
in the birth canal, and the blades themselves 
centered in the axis of the vagina. This posi- 
tion of the forceps constitutes the point of 
origin of the rotation. In subsequent move- 
ments the forceps handles describe a wide arc, 
such that the blades do not deviate from this 
original axis. 

4. With the handles raised and the head 
held at this slightly higher station, the handles 
are caused to sweep through an arc of 15 to 
30 degrees only, thus causing the head to ro- 
tate an equivalent amount. As the head rotates 
through this short arc, it tends (or is allowed) 
to descend slightly, returning again to the 
level of arrest (figure 5). 

5. The head is again elevated above the 
level of arrest from this new position, and 
again rotated through a 15 to 30 degree arc, 
at the conclusion of which it tends to return 
once more to the level of arrest. 

By a series of such maneuvers (elevation 
slightly above the level of arrest, and rotation 
through a short are with return to the level of 
arrest ), rotation to the anterior position is ulti- 
mately accomplished. 

These steps should be carried out with the 
utmost deliberation and the greatest gentle- 
ness, and should properly require at least one 
minute’s time. If any resistance whatever is 
encountered, or if the fetal heart gives evi- 
dence of embarrassment, the head should be 
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returned to its original position and rotation 
carried out in the opposite direction. During 
the various steps in the rotation, it is desirable 
for an assistant to move the anterior shoulder 
across the lower abdomen. 

6. When the head reaches the occiput an- 
terior position, the forceps handles, having de- 
scribed a wide arc, now point toward the floor, 
and the concavity of the pelvic curve looks 
toward the sacrum (figure 6). Slight traction 
is now made for the purpose only of fixing 
the head in its new position. 

7. The left blade of the rotating forceps, 
now lying on the right side of the mother’s 
pelvis, is removed and is replaced by the right 
blade of the Simpson forceps. The right blade 
of the rotating forceps is now removed, and is 
replaced by the left blade of the Simpson for- 
ceps. Both blades of the rotating forceps 
should not be removed at once; leaving one 
blade in place at all times tends to prevent 
the head from rotating back to the posterior 
position. 

8. Since the right blade of the Simpson 
forceps has been applied first, it is necessary 
that the handles be rearranged for locking. 
This is done, the forceps is locked, and ex- 
traction is accomplished with intermittent 
traction, as in any mid forceps delivery. 


Anesthesia 


An easy rotation will, of course, be easy 
irrespective of anesthesia. But a difficult rota- 
tion will be more difficult, and perhaps impos- 
sible, if uterine relaxation is inadequate. Ac- 
cordingly, spinal anesthesia is considered to 
have no place in the routine management of 
persistent occiput posterior. One of the ef- 
fects of spinal anesthesia is to enhance the 
tone of the uterus between contractions. This 
may be sufficiently great to prevent rotation 
of the shoulders which usually is a necessary 
part of the artificial rotation. Also, when the 
head is elevated one must be alert to the possi- 





bility of cord prolapse. This complication is 
ordinarily dealt with by version and extrac- 
tion, an operation which is virtually impossi- 
ble under spinal anesthesia. For these reasons, 
deep inhalation anesthesia is preferred as the 
routine in rotation from persistent occiput pos- 
terior just as it is similarly preferred for 
breech delivery and for the delivery of twins, 


Summary and Conclusions 


Persistent occiput posterior should be re- 
garded as an obstetric complication of the first 
order of magnitude, and is deserving of the 
full respect of the obstetrician. Just as is true 
of other major complications, the fetal loss and 
maternal injury should be negligible provided 
the condition is properly managed. The an- 
thropoid pelvis predisposes to the posterior 
mechanism. If the lower sacrum flares far 
backward, as it does in the monkey and an- 
thropoid ape, delivery as a posterior is an 
entirely acceptable and proper procedure. 
However, if the lower sacrum is forward, as it 
is in most cases, anterior rotation must prop- 
erly occur before delivery. In these cases the 
occipitoposterior position most generally per- 
sists either because the uterine contractions 
are inadequate to effect spontaneous rotation, 
or because rotation is prevented by transverse 
narrowing of the midpelvis. In the latter case 
it is necessary that the head be elevated prior 
to rotation. 

An effective, safe and readily mastered tech- 
nic of forceps rotation in occiput posterior is 
presented. For this rotation, as in all other 
rotations and intra-uterine manipulations, deep 
inhalation anesthesia is preferred. 
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Surgical Treatment of 


Pituitary Tumors 


J. GRAFTON LOVE* 


~ 4 
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Tue tumor of the pi- 
tuitary gland which the 
neurosurgeon most 
commonly encounters 
is the chromophobe 
adenoma, the origin of 
which is the chromo- 
phobe cells of the 
gland. The tumor next 
most commonly seen is 
the adamantinoma 
(also called cranio- 
pharyngioma, Rathke’s pouch tumor or cyst, 
hypophysial duct cyst, and so on). In addi- 
tion, eosinophilic adenomas and epidermoid 
tumors of the pituitary are encountered less 
frequently by the neurologic surgeon. A baso- 
philic adenoma of the pituitary never has 
been removed at the Mayo Clinic. 

Tumors of the pituitary gland demand sur- 
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gical extirpation primarily to preserve vision, 
less often to relieve obstruction of the third 
ventricle and to preserve life. Occasionally 
they must be attacked surgically to relieve 
severe headache. 

At the Mayo Clinic, tumors of the pituitary 
constitute about 10 per cent of all intracranial 
tumors for which operation is performed. This 
percentage is higher than that in most neuro- 
surgical centers because neurosurgeons of the 
Mayo Clinic believe that if tumors of the pi- 
tuitary gland have caused visual loss, the best 
treatment is surgical removal. Moreover, we 
see a number of cases in which pituitary tu- 
mors have continued to grow and to produce 
visual loss after radiation therapy. 

There are three different types of cells in 
the anterior part of the normal pituitary 
gland: chromophobe, eosinophilic and baso- 
philic cells. The chromophobe cells are most 
numerous, the eosinophilic cells are next in 
number, and the basophilic cells are least 
numerous. 

Most of the tumors come from nonfunc- 
tioning chromophobe cells. They produce hy- 
popituitarism, however, by compressing and 


345 











destroying functioning cells. As the chromo- 
phobe adenoma grows, it compresses the 
stroma of the gland and thus a capsule devel- 
ops around the adenoma. This is important 
surgically for it enables the surgeon to re- 
move a chromophobe adenoma and yet to 
preserve functioning pituitary tissue. 

Eosinophilic adenomas are functioning tu- 
mors and typically produce hyperpituitarism 
which results in gigantism in youthful sub- 
jects and, after maturity, acromegaly. 

Many eosinophilic adenomas do not re- 
quire surgical treatment because they have a 
tendency to expand the sella turcica down- 
ward into the sphenoid sinus and thus to grow 
away from the visual apparatus and third ven- 
tricle. Probably about 5 per cent of eosino- 
philic adenomas cause sufficient pressure on 
the optic nerves and chiasm to require surgi- 
cal removal. Eosinophilic adenomas which 
are producing hyperpituitarism only are usu- 
ally satisfactorily controlled by radiation ther- 
apy directed to the pituitary fossa. 


Surgical Procedure for Removal 
of a Pituitary Tumor 


After the patient has had 48 hours of prep- 
aration with cortisone (three doses) usually 
he is ready for operation. The head is shaved 
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FicurRE 1. Artist’s drawing of the 
typical right transfrontal flap used 
in the operation for removal of pitui- 
tary tumors and other lesions about 
the optic chiasm. The scalp is re- 
flected forward and the bone, at- 
tached to the temporal muscle and 
periosteum, is reflected laterally. The 
five holes are made with an Adson 
or McKenzie perforator (bur is not 
used) and thus, when the flap has 
healed, there are no unsightly de- 
pressions even though the holes are 
not filled with anything, such as tan- 
talum or bone dust. 


on the morning of operation and atropine sul- 
fate, 1/150 gr. (0.00043 gm.) is given hy- 
podermically 45 minutes to an hour before 
induction of anesthesia if a general anesthetic 
is to be employed. Patients for whom opera- 
tion represents a grave risk occasionally are 
operated on under local field block anesthesia. 

I prefer the gas-oxygen-ether sequence, with 
drop ether being given over the outer end of 
a Magill intratracheal tube. After the patient 
has been anesthetized and placed on the oper- 
ating table, he is turned on his side and a 
malleable needle is inserted in the lumbar por- 
tion of the spinal subarachnoid space. After 
fluid is flowing freely (as little fluid as possi- 
ble is allowed to escape), the outer end of 
the needle is attached by means of a long, 
flexible tube of small caliber to a 50 cc. Luer 
syringe. Use of this apparatus will be ex- 
plained later. The patient is then turned on his 
back, with his head resting in a “doughnut” 
made of rolled cotton wrapped in gauze ban- 
dage. The head is turned with the face slightly 
away from the midsagittal plane of the body 
and away from the site of craniotomy (usual- 
ly a right transfrontal type of flap is elevated). 

The scalp is surgically prepared and then 
the skin flap is outlined. I prefer turning the 
skin downward and forward and then the 


POSTGRADUATE MEDICINE 




















Date: 6-10-54 
V.0O.S.: %K 1%, 
ge = 





O27, 


0 50 40 30 o\ 






EN 


an ( eeee oe ae, 
EIN) 
SANZ. 


40 








40 30 20 16 iad 



















FIGURE 2. Preoperative fields of vision in case reported. 


bone, pericranium and muscle downward, with 
the temporal muscle as a hinge, using five 
perforator openings. Avoiding the use of a 
bur obviates unsightly postoperative depres- 
sions and the necessity of using any sub- 
stance to fill the holes (figure 1). When 
bleeding from dura and bone has been con- 
trolled and when the dura mater is being held 
with silk sutures firmly up against the margins 
of the craniotomy opening, except below and 
anteriorly, and not before then, the anesthetist 
is asked to remove 15 to 25 cc. of cerebro- 
spinal fluid from the lumbar subarachnoid 
space. This relaxes the brain and facilitates 
exposure of the roof of the orbit, the ridge 
of the sphenoid, and the chiasmal and sellar 
regions. Some surgeons prefer a free bone flap 
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and an intradural approach. I prefer to incise 
the dura mater along the wing of the sphenoid 
and up along the midline, parallel to the falx. 
This gives a protective apron of dura mater 
against which a lighted retractor may rest 
rather than its resting against the cortex of 
the brain. Gentle elevation of the dura mater 
over the frontal pole of the cerebral hemi- 
sphere, and aspiration of fluid from beneath 
the brain give adequate exposure of the visual 
apparatus and tumor. 

The tumor is then aspirated with a small, 
sharp-pointed spinal needle attached by means 
of a short rubber tube to a 20 cc. Luer syr- 
inge. This is to collect any cystic fluid and 
also to exclude the possibility that an aneu- 
rysm of the carotid artery is present. Occa- 
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sionally a tumor of the pituitary gland will 
resemble an aneurysm. 

When the surgeon has proved that he is 
dealing with a tumor, the small vessels on the 
capsule are electrocoagulated with a low cur- 
rent. Then, with a sharp scalpel, a cruciate 
incision is made in the capsule. The adenoma- 
tous tissue is removed with pituitary forceps, 
gallbladder scoop and aspirator. When all 
solid tissue has been removed, the capsule of 
the tumor is gently teased away from the 
optic nerves and chiasm, and resection is car- 
ried toward the floor of the sella turcica. 

When all bleeding has been controlled, a 
piece of porous, pliable, nonantigenic mate- 
rial (GELFOAM®) may be left in the sella 
turcica as a precautionary measure against 
subsequent oozing. Or, as | prefer, a small, 
flat piece of the patient’s temporal muscle may 
be used. The wound is then closed in layers 
without drainage, the bone flap being wired in 
place with two pieces of stainless steel wire. 
Subtemporal decompression is not performed. 

During the operation, as a routine, | give a 
transfusion of 500 cc. of blood to adults and 
250 cc. to children. Whole blood given at this 
time, | believe, promotes smooth convales- 
cence. Cortisone is administered for a few 
days after operation but then its use is dis- 
continued unless the patient gives evidence of 





FIGURE 3. Lateral roentgenogram of skull in case re- 
ported, showing that the sella turcica is enlarged and 
eroded by a pituitary adenoma. 
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severe panhypopituitarism and needs substi- 
tution therapy. If panhypopituitarism is pres- 
ent, the metabolic consultant takes over and 
plans the patient’s program. At the Mayo 
Clinic all patients who have pituitary tumors 
are seen by a physician whose main interest 
is metabolism and endocrinology and he fol- 
lows all surgical patients with the operating 
neurosurgeon and advises regarding endocrine 
therapy. 

It is important to maintain proper water 
and electrolyte balance during convalescence. 
If the patient had diabetes insipidus prior to 
operation, or if it develops postoperatively, 
attention must be given to fluid balance. The 
patient may receive large quantities of fluid 
as long as the output of urine is commensurate 
with the intake of liquids and provided the 
intake and output of fluids do not tend to ex- 
haust the patient. If the patient becomes tired, 
PITRESSIN® tannate is administered. Should 
all be going well, 1500 to 1800 cc. of fluid 
is allowed in 24 hours for the first few days; 
this is the period of postoperative edema. 
Magnesium sulfate usually is given by mouth 
the second night following operation, to open 
the bowels and to dehydrate the brain slightly. 

Other matters require attention in the days 
following operation. Patients are allowed to 
be out of bed as soon as they wish, usually on 
the second to the fourth day. Sutures are re- 
moved from the forehead on the third or 
fourth day, and the remainder a day or two 
later. The endocrine status is re-evaluated and 
the visual fields are plotted before the patient 
leaves, 7 to 10 days after operation. 

Patients from whom a pituitary tumor has 
been removed are advised to have periodic 
surveys of their fields of vision and their en- 
docrine status. 

Years ago, if a pituitary tumor had been 
successfully removed but subsequently the pa- 
tient had marked hypopituitarism, little or 
nothing could be offered for his relief. Fortu- 
nately, today, workers in the fields of metabo- 
lism and endocrinology can do a great deal 
to help such a patient. Many patients who 
formerly were listless, easily fatigued and 
generally slowed can be helped back to a 
state of useful and happy living. 
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FIGURE 4. Postoperative fields of vision showing improvement in central and peripheral vision in case reported. 


In the following report of a case the meth- 
od of handling a patient with a pituitary tu- 
mor is evident. 


Case Report 


A white man, 50 years of age, for five years 
had had bilateral frontal headaches and for 
three years had been chronically tired, easily 
fatigued, and deficient in libido, and occa- 
sionally he had fainted. The fainting spells 
had been attributed to a hyperirritable carotid 
sinus because when the sinus was irritated, 
the patient would faint. Two years before he 
came to the clinic, roentgenologic examina- 
tion of the skull had given evidence of the 
presence of a “pituitary tumor.” This lesion 
had been subjected to 22 x-ray treatments. 
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At the time of the treatments the visual fields. 
according to the patient, had been normal. 
Approximately 16 months before he came 
to the clinic, the patient had been given corti- 
sone, 25 mg. every day, along with thyro- 
globulin (pRoLorp® ). He had felt better when 
he had been taking cortisone: that is, he had 
been less tired than before. There was no in- 
tolerance to cold, or increased pigmentation. 
Six weeks before he came to the clinic his 
bilateral frontal headaches had become more 
severe than before and he had noted loss of 
vision in the right eye. Examination made 
elsewhere had resulted in a report of minimal 
contraction of the temporal field of the right 
eye. The visual loss in the right eye continued 
to progress. The patient had not noticed loss 
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of vision in the left eye. Because he had been 
advised variously to undergo repetition of 
x-ray therapy or to submit to surgical re- 
moval of the lesion, and because he was 
alarmed about the recent loss of vision, he 
came seeking another opinion. In 1936 the 
patient also had received a diagnosis of gout. 

The man weighed 250 lb. (113.4 kg.) 
stripped. His blood pressure was 135 systolic 
and 85 diastolic. His pulse rate was 68 per 
minute and his temperature was 98° F. at 2 
p.M. Neurologic examination failed to reveal 
any signs other than those referable to the 
visual loss. Examination of the eyes by Dr. 
C. W. Rucker revealed vision to be 6/20 in 
the right eye and 6/6 in the left, with loss of 
most of the temporal field of the right eye and 
a small loss in the field of the left eye (figure 
2). Roentgenologic examination of the head 
gave evidence of a tremendously enlarged and 
eroded sella turcica (figure 3). The diagnosis 
reached was chiasmal lesion, presumably a pi- 
tuitary adenoma, and the advice given was 
that right transfrontal craniotomy be_per- 
formed, with simultaneous use of a malleable 
needle penetrating to the lumbar canal, the 
needle to be connected with a Luer syringe, 
as has been described. 

At operation a huge tumor was found 
markedly compressing the right optic nerve 
and the optic chiasm. The tumor not only 
filled the huge sella turcica but also extended 
above the level of the sella and beneath the 
right optic nerve and right internal carotid 
artery, into the right middle cranial fossa. 
The portion of the tumor presenting just 
anterior to the optic chiasm appeared cystic 





and, on aspiration, 8 ec. of dark, bilious- 
looking fluid, similar to the fluid obtained in 
cases of adamantinoma of the pituitary, was 
obtained. However, there was still a large, 
solid tumor and it consisted of typical ade- 
nomatous tissue. Intracapsular removal of the 
adenomatous tissue was carried out and then 
the capsule was drawn into the sella turcica 
and resected. 

At completion of the operation, all pressure 
on the visual apparatus had been removed. 
The right optic nerve, which had appeared as 
a ribbon before the tumor had been removed, 
seemed tubular and half its normal diameter 
after removal of the tumor. Prognosis as to 
improvement in vision of the right eye was 
unfavorable. The pathologist reported the re- 
moved tissue to be characteristic of cystic 
chromophobe adenoma. 

The patient’s postoperative convalescence 
was satisfactory except for the development 
of diabetes insipidus, which was controlled 
with Pitressin. He left the hospital 10 days 
following operation and he ceased to be under 
the care of the clinic three days later. At that 
time his wound was well healed. There had 
already been definite improvement in the 
visual fields (figure 4) and the patient was 
pleased. 

I am indebted to Drs. J. W. Kernohan and 
G. P. Sayre of the staff of the Mayo Clinic for 
the privilege of reading their monograph’ and 
of using material from it. 
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I. Critical Evaluation of Drug Therapy 





MARVIN MOSER* AND THOMAS W. MATTINGLY ** 


Scarsdale, New York and Washington, D.C. 


Mlucu confusion exists today regarding the 
use of the many presently available drugs for 
the treatment of hypertension. During the past 
five years several promising agents have been 
studied and large numbers of patients with 
various types of hypertensive disease have 
been treated with them. Unfortunately, when 
dealing with a disease such as hypertension, 
all results must be classified as preliminary 
for many years, and no definite conclusions 
should be drawn regarding the effectiveness 
of any agent or method until a long follow-up 
period has elapsed and many patients have 
been treated. 

Sufficient time has elapsed, however, to be- 
gin an appraisal of the more useful new drugs 
in an effort to screen out those that have 
proved ineffective, impractical or otherwise of 
only limited value. In this way all future ef- 
fort may be concentrated on the evaluation of 
the few promising agents which are available. 


The New Drugs 


Among the most promising of the drugs 


*Former Officer in Charge, Vascular Diseases, Walter Reed Army 
Hospital, Washington, D.C., now at Scarsdale, New York. 
**Chief, Cardiovascular-Renal Service, Walter Reed Army Hospital, 


Washington, D.C. 
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studied are APRESOLINE®,' hexamethonium,” * 
ANSOLYSEN® (pentapyrrolidinium)* and the 
Rauwolfia derivatives.° Numerous other agents 
such as the Veratrum derivatives,’ dihydro- 
ergot preparations,® and DIBENZYLINE®,’ al- 
though extremely potent and effective in some 
instances, have not proved to be sufficiently 
effective or practical, in our opinion, to war- 
rant continued trial in the treatment of hyper- 
tension. 

Agents that are effective have one action 
in common, namely, the dilatation of peripher- 
al vessels, most especially the arterioles. In 
this way their hypotensive effect is achieved. 
Whether this dilatation is accomplished by 
direct sympathetic nerve blockade at the end 
organ (as in the case of the DIBENAMINE® de- 
rivatives) (figure 1), at the ganglion (hexa- 
methonium or pentapyrrolidinium [Ansoly- 
sen]), centrally (Apresoline and Rauwolfia 
[reserpine] compounds), or by both a direct 
action on blood vessels plus a central effect 
(Veratrum derivatives) is of no great prac- 
tical importance except in understanding some 
of the side effects produced by that drug. 

It is our purpose to evaluate critically the 
results obtained in treating more than 150 
hypertensive patients with the few most wide- 
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. Dihydroergot derivatives 
Apresoline ? 
Rauwolfia serpentina 


2. Tetraethylammonium chloride (ETAMON ®) 


Hexamethonium 
Pentamethonium 
p Pentapyrolidinium 
¢ 3. Benzodioxane 
le REGITINE® 


ly used drugs (Apresoline, hexamethonium, 
reserpine, and Ansolysen,* either alone or in 
combination) during the past four years and 
to review some of the reasons for success or 
failure in treatment. 


Should Hypertension Actually 
Be Treated? 


First it must be determined whether or not 
to treat any patient with hypertension, at what 
point to start therapy, and to what ends the 
physician should go to lower the patient’s 
blood pressure. Excellent studies of the natu- 
ral history of hypertension have pointed out 
that in many cases essential hypertension is a 


relatively benign disease.’"''' Our experience 


*Ansolysen (pentapyrrolidinium) has essentially the same side effects 
as hexamethonium, but they are more easily controlled. Average cost 
per day of Ansvlysen is 36 to 60 cents. (See table, ‘Limitations of 
Therapy,”’ for comparative costs.) 


SITE OF ACTION OF 
AUTONOMIC BLOCKING 


Blocks circulating or injected 
ADRENALIN® (adrenolytic) 


Blocks both circulating Adrenalin » 


4. Dihydroergot derivatives 
Priscoline 
Dibenzyline (adrenolytic) and sympathetic 
Apresoline nerve stimulation (sympatholytic) 





AGENTS 





Blocks both parasympathetic and 
sympathetic impulses 





as well as that of others indicates that this is 
especially true in cases of middle-aged women. 
who can often tolerate extremely high levels 
of pressure for many years without any appar- 
ent ill effects.’ Other studies have demon- 
strated the extremely poor prognosis in cases 
of younger men with high fixed diastolic 
pressures, with evidence of severe retinal 
changes, or with family histories of hyper- 
tension. 

Experimental work and numerous clinical 
observations have confirmed the fact that high 
blood pressure definitely affects renal, cerebral 
and cardiac systems secondarily.'* '* It should 
be lowered; but at what stage, in what patient. 
and at what cost to the patient? These are the 
questions that no single observer has been 
able to answer. Certainly, not all patients with 
elevated blood pressure should be treated. The 
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Peripheral Vascular Disease 


@ Lack of selective blockade 
@ Tolerance to drug effect 






@ Side effects (occasionally severe) 


Hypertension 


@ Side effects 
Usually not serious 








LIMITATIONS OF THERAPY 


Postural hypotension 
Tachycardia 


Potentially dangerous 


Blurring of vision Constipation 

Dry mouth FS Postural hypotension 

Chilly sensation Interstitial pneumonia 
Not a toxic drug. Side effects 


must be carefully controlled. May be 
harmful in severe renal disease. 


Headache Persistent tachycardia 
Periorbital edema APRESOLINE Lupuslike syndrome 
Ankle edema 


Relationship to collagen disease 


not definitely established. } 


Stuffy nose 
Bradycardia RAUWOLFIA SERPENTINA None 
Diarrhea 


Nontoxic drug; decreases side effects of other 
drugs when used in combination. 


@ Tolerance: infrequently encountered 
@ Expense: Average cost per day: 
: Hexamethonium 
Apresoline 


Rauwolfia serpentina 


age, sex, race, rate of progression of the dis- 
ease, and potential ill effects of therapy must 
be considered before beginning any treatment, 
and the result must be appraised only after 
a consideration of the natural history of the 
disease. 


Results and Limitations of Therapy 


if These 


Rauwolfia derivatives* (reserpine) 
agents act centrally, and produce bradycardia, 
a mild hypotensive action, and a definite 
sedative effect. Few side effects or toxic reac- 
tions are noted and their use in elderly in- 
dividuals is without risk. The only annoying 
side effects noted have been: (1) stuffy nose, 
which is controlled by vasoconstrictor nose 
drops or antihistaminic preparations; (2) ab- 
*Supplied as raupixin® by E. R. Squibb & Sons and serrasix® by 
the Ciba Pharmaceutical Products, Inc. 
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. 28 to 56 cents 
. 24 to 36 cents 
6 to 12 cents 


dominal cramps and diarrhea; this will stop 
when the dosage is reduced; (3) painful gyne- 
comastia; the reason for this complication is 
unknown. We have observed these side effects 
in relatively few cases, gynecomastia having 
been observed in only one. 

Our results with reserpine have not been 
dramatic, but the drug is occasionally effec- 
tive in early grade I or nonprogressive grade 
II hypertension. In patients with grade II hy- 
pertension the systolic pressure has usually 
been reduced, but only occasionally has a 
sustained lowering of diastolic blood pressure 
(in excess of 15 mm. Hg) been noted. The 
average doses employed have been 0.5 to 1.0 
mg. of Serpasil per day in divided doses, and 
100 to 300 mg. of Raudixin per day. In se- 
vere, progressive grade III or grade IV essen- 
tial or renal hypertension reserpine has had 
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no significant effect on blood pressure when 
used alone but has proved useful when com- 
bined with more potent agents (see figure 3). 

A 42 year old man with progressive grade 
IIl essential hypertension was being main- 
tained on 3 gm. of METHIUM® and 500 mg. 
of Apresoline daily. His blood pressure had 
fallen from levels of 210/140 to 220/150 to 
levels of 160/90 to 180/110, and headaches 
had disappeared. Occasional “sinking spells,” 
attributable to the Methium, were noted but 
no serious side effects of drug administration 
had been experienced. After three months on 
this regimen he was given 0.25 mg. of Serpasil 
twice daily. The dosage of Methium was grad- 
ually reduced to 1 gm. a day and Apresoline 
was stopped (figure 3). He is now being main- 


tained on the lower dose of Methium, is free 
of symptoms, and has an average blood pres- 
sure of 150/80 to 160/100. We have ob- 
served other patients who have required less 
therapy with the more potent drugs and have 
maintained the same “good” result when Rau- 
wolfia was added to the therapeutic regimen. 

Reserpine has also produced a decrease in 
anginal attacks in some hypertensive individ- 
uals with angina pectoris. The bradycardia 
produced by this drug may account for these 
findings. 

Apresoline*—This drug has both a central 
and a peripheral action and blocks the effect 
of certain pressor substances which may play 


*Supplied by Ciba Pharmaceutical Products, Inc. 


SUCCESSFUL THERAPY SHOWING ADVANTAGE OF RAUWOLFIA 
SERPENTINA IN COMBINATION 


Hypertension of Eight Years’ Duration, Left Ventricular Enlargement with 
Failure, Grade Ill Eyegrounds, and Good Renal Status (42 Year Old Man) 










250 No therapy 


Hexamethonium 3 gm. 


+- 
| Apresotine 500 meg. 


170 
160 
150 
140 
130 
120 


110 


60 


Serpasil 0.5 mg. 


Hexamethonium reduced to 1 gm. 
Apresoline stopped 





MONTHS 1 2 3 4 5 


Each value 


average of weekly readings 


FIGURE 3. Excellent response to therapy. Reserpine (Serpasil) and hexamethonium (Methium) have been 


continued with minimal side effects. 
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arole in the etiology of hypertension.’ Apreso- 
line has a potent hypotensive effect when 
given parenterally and is effective in treating 
the hypertension of toxemia of pregnancy. 
Oral administration is accompanied by a 
somewhat less dramatic fall in blood pressure, 
the diastolic pressure falling more than the 
systolic. A decrease in cerebral or renal blood 
flow is not noted despite the fall in blood 
pressure.'” 

We do not feel that the use of Apresoline is 
justified in early labile grade I hypertension. 
Our experience has indicated that when used 
alone in the treatment of moderately severe 
grade II to III hypertension it will rarely pro- 
duce normotension but will occasionally pro- 
duce a significant fall in blood pressure which 
can be maintatied over a long period of time. 

In severe grade III or grade IV hyperten- 
sion, Apresoline should be used in combina- 
tion with more potent agents in order to pro- 
duce as good a result as quickly as possible. 
The side effects encountered with this com- 
pound are numerous but most often are of no 
great significance; occasionally they are se- 
vere or potentially serious.'® '‘ Among these 
effects are: 

1. Headaches which usually disappear after 
10 to 14 days of therapy and are often par- 
tially relieved by antihistaminic compounds. 

2. Tachycardia which usually disappears 
after two to three weeks but may persist and 
cause increasing angina or contribute to the 
initiation of congestive heart failure (therapy 
may have to be stopped). 

3. Ankle and periorbital edema and stuffy 
nose; these may be partially eased by anti- 
histaminic compounds. 

4. Joint aches and pains, with or without 
fever and positive L. E. preparations; these 
findings usually disappear when the drug is 
stopped. We have observed three patients who 
experienced this rheumatoidlike syndrome. In 
the one patient whose symptoms persisted, the 
L.E. preparation was negative. The exact 
causal relationship between Apresoline and 
this syndrome is currently under investigation. 

In our experience Apresoline has proved to 
be most valuable when used with hexamethon- 
ium or Ansolysen in severe hypertension. 
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The following case illustrates this method: 

A 45 year old white man with hypertension 
of approximately 10 years’ duration and in- 
creasing evidence of cardiac and renal in- 
volvement was being maintained on sedatives 
and a low sodium diet. Blood pressures ranged 
between 215/130 and 240/145, and fresh 
hemorrhages and exudates appeared while on 
this regimen. Because of this he was referred 
for additional therapy. In view of an elevated 
blood urea nitrogen (30 mg. per cent) we 
were hesitant about immediately placing the 
patient on hexamethonium therapy and he was 
started on Apresoline in gradually increasing 
doses. After 10 days he was receiving 400 mg. 
daily in four divided doses. A satisfactory fall 
in diastolic blood pressure occurred, but per- 
sistent tachycardia was noted. Oral hexameth- 
onium was then given in gradually increasing 
doses beginning with 125 mg. five times daily. 
When a dosage of 2 gm. a day was reached, 
Apresoline was gradually reduced to 250 mg. 
per day. An excellent blood pressure response 
was noted, hemorrhages and exudates cleared, 
and definite symptomatic improvement occur- 
red. Blood urea nitrogen was reduced to nor- 
mal levels and remained normal. The patient 
has been maintained on therapy for seven 
months with few side effects, and at present 
his blood pressure is 160/90 to 170/100. Con- 
stipation is occasionally noted but tachycardia 
is no longer a problem. Reducing the Apreso- 
line dosage below 200 mg. a day results in a 
definite rise in diastolic blood pressure. Elimi- 
nating both drugs results in a rise of both 
systolic and diastolic levels. 

The average dose of Apresoline that we 
have employed when the drug is used alone is 
400 to 600 mg. daily; when used with hexa- 
methonium or Rauwolfia the dosage averages 
300 to 400 mg. Adjustment of dosage may 
take many weeks in some cases. 

In the less severe grades of hypertension 
(grade II or III, not progressive) Apresoline 
has been combined successfully with Serpasil 
or Raudixin. Normotensive levels are rarely 
achieved with this combination in patients 
with fixed high diastolic blood pressure levels, 
but often a significant pressure reduction and 
relief of symptoms can be achieved. 











Hexamethonium® and Ansolysen** —Vhese 
are the most potent and effective of the block 
ing agents and hypotensive drugs. Much has 
been written concerning the hazards in using 
these compounds and, because of these warn- 
ings, many physicians have hesitated to use 
them in cases in which benefit: might: have 
been obtained. When used carefully and in 
telligently, by both physician and patient, 
gratifying results may be obtained in. other 
wise hopeless CuUSseS, 

When hexamethonium or Ansolysen is ad 
ministered parenterally, blood pressure can 
he lowered to any desired level. We have never 
observed a patient whose pressure was not 
lowered significantly by these agents, but their 
use in this manner must be carefully con- 
trolled to prevent severe hypotension. If this 
dloes occur, prompt action will prevent serious 
sequelae, The use of the Trendelenburg posi- 
tion and, if necessary, parenteral norepineph- 
rine or NEOSYNEPHRINE” will effectively re 
store blood pressure. 

Reactions other than hypotension have not 
been noted by us following the use of paren- 
teral hexamethonium or Ansolysen in hyper- 
tensive individuals. Patients must remain re- 
cumbent for at least one and one-half to two 
and one-half hours after the drug is given, 
especially during the initial period of ther 
apy. If this precaution is not followed, serious 
postural hypotension may occur, Effect is uni- 
formly produced by this method of adminis- 
tration, and duration of action is approxi- 
mately four to six hours for hexamethonium 
and six to eight hours for Ansolysen. 

Adequate control of patients with more se- 
vere degrees of hypertension may be achieved 
by administering 15 to 60 mg. of hexameth- 
onium or 5 to 30 mg. of Ansolysen subcuta- 
neously two or three times daily. A uniform 
lowering of pressure is not obtained, how- 
ever, when these medications are used alone 
parenterally, and better results are usually 
achieved with combined oral therapy with 
Apresoline and or reserpine. Parenteral ther- 
apy is, of course, not feasible for employed 


*Suppled as Methium by Warner-Chilcott Laboratories 


**Supplied by Wyeth, Inc 
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persons who cannot spare the time required 
after each injection. Ansolysen administered 
parenterally does not appear to offer any dis- 
tinct advantage over hexamethonium except 
for its longer duration of action in some indi- 
viduals, 

In cases of severe progressive grade IIL or 
grade IV hypertension, we have used oral 
hexamethonium or Ansolysen either alone or 
in combination with Apresoline and feel that 
these drugs are presently the most effective 
hypotensive agents available, There are many 
reasons why these are not the ideal agents for 
the therapy of hypertension, but until the ideal 
drug is forthcoming, this type of treatment 
appears to offer the most hope to the severely 
ill patient. Major deterrents to the use of 
these potent blocking agents are: 

1. Poor absorption The administration of 
a definite dose at a certain hour does not al- 
ways produce an effect when desired. Only 
about 10 to 15 per cent of the administered 
drug is absorbed. 

2. Side effects-There are several impor- 
tant undesirable effects of the drugs: (a) 
blurring of vision and impotence are common 
but rarely severe enough to cause difficulty. 
In our experience, only one patient has _re- 
fused to continue with medication because of 
either of these effects; (b) constipation occa- 
sionally may be severe and persistent with 
paralytic ileus. Most often, however, it can 
be controlled by the routine daily use of a 
laxative. In no instance should a patient con- 
tinue to take oral hexamethonium or Ansoly- 
sen if constipation is not controlled. A bowel 
movement must occur at least once every other 
day or therapy should be stopped or the dos- 
age greatly reduced. We have not observed a 
serious or fatal reaction in patients who have 
adhered to this program. If constipation oc- 
curs, the accumulation and subsequent absorp- 
tion of large quantities of the drug will result 
in profound lowering of blood pressure with 
all the possible sequelae. 

In two cases in which the patients received 
prolonged therapy, bleeding hemorrhoids de- 
veloped as a result of persistent constipation, 
and treatment had to be discontinued. In our 
experience the use of parasympathomimetic 


POSTGRADUATE 





MEDICINE 














agents such as URECHOLINE® has not helped 
to reduce the parasympathetic blocking action 
of hexamethonium. 

From preliminary observations it would ap- 
pear that Ansolysen produces fewer instances 
of severe constipation than hexamethonium 
and consequently may prove to be a safer 
drug for the ambulatory patient.” 

3. Postural hypotension and syncope 
Some postural hypotension is the desired and 
expected effect of hexamethonium or Ansoly- 
sen therapy. If the precautions already men- 
tioned regarding constipation are observed, the 
degree of hypotension can be controlled. If a 
patient experiences any weakness, dizziness, 
lightheadedness or nausea, he should be in- 


*The use of Urecholine (5 to 10 mg. three times daily) will usually 


control the constipation or impotence produced by Ansolysen. 


structed to lie down or sit down immediate- 
ly and reduce or eliminate the next dose of 
the drug. All patients should be carefully in- 
structed not to stand still for prolonged periods 
of time and to be especially careful about this 
while at cocktail parties, at the beach and in 
other instances where peripheral vasodilata- 
tion may contribute to the degree of postural 
hypotension. It often requires a great deal 
of juggling of doses and persistence and ef- 
fort on the part of both physician and patient 
to achieve a satisfactory fall in blood pressure 
without this side effect, but it usually can be 
done. Only a few isolated instances of syncope 
have occurred in our patients who have fol- 
lowed this regimen; all of these episodes oc- 
curred because the patient did not heed defi- 
nite warning signs. 


FAILURE OF DRUGS DUE TO SEVERE SIDE EFFECTS; 
GOOD RESPONSE TO SYMPATHECTOMY 


Essential Hypertension with Left Ventricular Hypertrophy, Grade Ill Eyegrounds, 
Adequate Renal Function, and Arteriolar Nephrosclerosis (37 Year Old Man) 
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FIGURE 4. Failure of drug therapy despite good blood pressure response. Severe intractable con- 
stipation and bleeding hemorrhoids developed while the patient was on hexamethonium. 
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Malignant Hypertension (40 Year Old 


Woman) 
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effects and is more easily handled than hexamethonium 


Results with hexamethonium or Ansolysen 
used either alone or in combination in cases 
of severe hypertension have been reported 
as “excellent in most cases” by some ob- 
servers,” '* and as only “fair” by other equal- 
ly competent investigators.” It is much too 
early to give a final answer to the problem. 
Our experience has indicated that in some in- 
stances there appears to have been a definite 
improvement of the patient while on continu- 
ous therapy. This improvement included per- 
sistent, significant lowering of blood pressure, 
alleviation of symptoms, and failure of the 
hypertensive process to progress as expected 
from our present knowledge of the natural 
history of the disease. In other cases a satis- 
factory blood pressure response has been ob- 
tained and symptoms have been relieved, but 
sufficient time has not elapsed to judge wheth- 
er or not longevity has been increased. 

In cases in which there is definite renal in- 
sufficiency before therapy is started, a dra- 
matic fall in blood pressure may occur but a 
fatal outcome is not prevented. Great care 
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FIGURE 5. Pentapyrrolidinium (Ansolysen) may be used instead of hexameth- 
onium. It appears from preliminary studies that this drug produces fewer side 


should be exercised in administering hexa- 
methonium or Ansolysen orally or parenteral- 
ly to these patients. Frequent blood urea nitro- 
gen determinations should be carried out, and 
if azotemia increases, the drug should be dis- 
continued. 

The case of a 40 year old woman illustrates 
the futility of expecting a good or even fair 
result from therapy in the presence of ad- 
vanced severe renal disease (figure 5). This 
patient was admitted to the hospital in a 
semicomatose state with a blood urea nitro- 
gen of 55 mg. per cent, papilledema, hemor- 
rhages and exudates, and a blood pressure of 
200/140. After adequate hydration the blood 
urea nitrogen was reduced to 45 mg. per cent. 
Therapy with small doses of hexamethonium 
(C-6) subcutaneously produced a dramatic, 
sustained fall in blood pressure to average 
levels of 150/100; papilledema disappeared 
and the patient’s sensorium cleared. Despite 
this seemingly “excellent” response the pa- 
tient died with a “normal blood pressure” 
after 21 days of therapy. Terminal blood urea 
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RESULTS IN HYPERTENSION 






Essential Hypertension with Left Ventricular Hypertrophy, Grade III 
Eyegrounds, Left Hemiplegia, and Adequate Renal Function (47 Year Old Man) 








O = No therapy 
240 Total length of therapy, 24 months Na¥ = Low sodium diet 
230 A = Apresoline 
A+C-€ Apresoline and Methium orally 
220 C-6¥ = Parenteral hexamethonium 
210 V = Vertavis 
? S = Serpasil 
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MONTHS 
Each point = 
average blood 
pressure/month 


7 days (4 to 6 readings/day) 


Each point = average blood pressure for 


Each point = average blood pressure/month 


FIGURE 6. Excellent blood pressure and symptomatic response to combined therapy after period of 
dosage regulation. Patient presently controlled on 2 gm. of hexamethonium (Methium) by mouth 


and 0.5 mg. of reserpine (Serpasil) . 
nitrogen was 73 mg. per cent. Death in this 
case probably was not hastened by therapy, 
but it certainly was not delayed. At autopsy 
both kidneys were granular and contracted, 
with microscopic findings typical of chronic 
glomerulonephritis. 

A good result with prolongation of life is 
not to be expected in these patients. Therapy 
should be aimed at symptomatic relief only. 
A careful trial of hypotensive agents is war- 
ranted, but treatment should be discontinued 
if azotemia increases. 

We have obtained good results with drug 
therapy in approximately one-third of the 
cases of severe grade III or grade IV hyper- 
tension in which there was no evidence of 
severe renal insufficiency. A few individuals 
developed “tolerance” to drug effect and 
others were unable to continue treatment be- 
cause of persistent side effects. Most patients, 
were able to take therapeutic doses 
hexamethonium or Ansolysen and 


however, 
of both 
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Apresoline on an ambulatory basis for long 
periods provided that both patient and doctor 
persisted with treatment during the initial ad- 
justment period. 

A 47 year old priest, who had recently ex- 
perienced a cerebral vascular accident, had 
grade III retinopathy, left ventricular hyper- 
trophy, and normal renal function, was refer- 
red for therapy (figure 6). His blood pressure 
while on sedatives, VERTAVIS®, and a low 
sodium diet varied between 210/115 and 
240/140 with most recordings showing dia- 
stolic levels of over 130 mm. of mercury. On 
varying combinations of oral Apresoline and 
hexamethonium, the blood pressure was re- 
duced to average levels of 160/80 to 170/90. 
Omitting either drug or altering the route of 
administration resulted in a definite rise in 
blood pressure. Some tolerance to drug effect 
was noted after seven months of therapy, but 
blood pressure remained at levels between 


170/90 and 190/110. Substitution of Serpasil, 
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0.5 mg., for the Apresoline has not decreased 
the degree of blood pressure lowering. Al- 
though a great deal of difficulty was encoun- 
tered during the first two months of therapy, 
this patient persisted in taking medication as 
prescribed and became asymptomatic. Initial 
severe constipation and occasional dizziness 
disappeared. The funduscopic picture cleared 
significantly. The patient is doing well three 
years after beginning treatment. Average blood 
pressure is 150/80 to 170/90. 


Discussion 


It is extremely difficult to appraise the re- 
sults of any method of therapy of hypertensive 
vascular disease on a short-term basis. This is 
especially true since our major criterion of 
effect, namely, blood pressure, is subject to so 
many variable factors. The only results which 
will be of any significance will be those ob- 
tained by careful follow-up studies of large 
series of patients over the next 5 to 10 years. 
It will then be necessary to compare survival 


and mortality rates of this group of patients 
with those managed surgically or without ther- 
apy of any sort in order to judge the real value 
of the drugs. At present, after three years, it 
would appear that encouraging results can be 
obtained in carefully controlled cases. 

The long-term use of oral Apresoline and 
hexamethonium or Ansolysen appears to be 
practical, but some treatment failures are to 
he expected because of the development of 
tolerance to drug effect or persistent side ef- 
fects. Results at present should not be ap- 
praised on a statistical basis; rather, the re- 
sults in individual cases should be judged. If 
only one out of every three patients with se- 
vere progressive disease can be benefited over 
a long-term period, a trial of therapy in all 
these cases would appear to be justified if it is 
carried out carefully. 

Important points to consider before resort- 
ing to drug therapy are: 

1. The use of any drug must be justified. 
Patients must be carefully selected for treat- 


SUGGESTED APPROACH TO THE TREATMENT OF 
HYPERTENSION 








DEGREE OF 


SYMPTOMS 
HYPERTENSION 





INITIAL 
THERAPY 


ADDITIONAL 
THERAPY 








@ Mild, labile, grade 1* | None or minimal 


@ Grade I1.* I1.* not 


progressive 


® Grade III," IV.* 


Minimal to 
significant 


Significant to 


progressive severe 
@ Hypertensive Severe 





encephalopathy 


*Keith, Wagener, Barker classification. 


*With caution if there is renal insufficiency. 
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l. Sedatives 
2. Rauwolfia 


Usually none 
Rauwolfia 


Add: (a) Apresoline 


Add: (a) Rauwolfia 
(b) Apresoline 


Hexamethonium 
Ansolysen 


Parenteral 
hexamethonium? 
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e@ HEXAMETHONIUM (C-6)—ANSOLYSEN 
Parenteral—Most potent. Oral 
@ APRESOLINE 
Parenteral 
sure. Occasionally of value alone. 


Often most effective when combined. 


@ RAUWOLFIA SERPENTINA 


allows smaller dosages of these drugs. 


@ DIBENZYLINE 


Of little value in long-term management. 





Not completely reliable but very effective in some cases. 
Useful in toxemia of pregnancy. Oral—Mainly affects diastolic blood pres- 


@ APRESOLINE AND ORAL HEXAMETHONIUM OR ANSOLYSEN 


Occasionally of value alone; often effective in combination with C-6 and Apresoline, and 





ment and the natural history of hypertension 
must be considered before therapy is begun. 
It is a grave mistake to treat a patient with 
mild early hypertension with an extremely 
potent drug that might produce serious side 
effects. 

2. Once the decision to treat a patient is 
made (some risk is justified in view of the 
unfavorable prognosis), the physician and pa- 
tient must be prepared to “battle through” the 
inevitable side effects. Many patients are 
started on therapy without preliminary in- 
structions and are disturbed by the unexpected 
side effects. Properly instructed patients will 
continue treatment. 


Summary 


l. Several drugs are now available for 
treating hypertensive vascular disease. Among 
the most promising are hexamethonium, An- 
solysen, Apresoline and reserpine. 

2. Reserpine is a mild agent, produces few 
side effects, and is occasionally useful in the 
treatment of early nonprogressive hyperten- 
sion. It is a valuable adjunct in treating the 
more severe forms of hypertension but is of 
little value when used alone in these cases. 

3. Apresoline is most effective in nonpro- 
gressive, moderately severe hypertension when 
combined with reserpine, and in severe hyper- 
tensive disease when used with hexamethoni- 
um or Ansolysen. Its long-term toxicity may 
greatly limit its usefulness. 

4. Hexamethonium and Ansolysen are the 
most potent and effective blood pressure-low- 
ering agents presently available. When used 
carefully, good results may be obtained in 
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approximately 30 per cent of cases of severe 
progressive hypertension. Oral long-term ther- 
apy with these drugs, used alone or in com- 
bination with Apresoline and/or reserpine, 
appears to be feasible. 
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SCIENTIFIC: EXHIBIT 


Il. Autonomic Blocking Agents 
in Cardiovascular Disease 


MARVIN MOSER, EDMUND REPPERT, ANDREW PRANDONI 
AND THOMAS W. MATTINGLY 


Cardiovascular-Renal Service, Walter Reed Army Hospital, 


Washington, D.C. 


RESULTS IN PERIPHERAL VASCULAR 
DISEASE 


a PULSE VOLUME (CC./10 CC.) BLOOD FLOW (CC./10 CC_/MIN.) SKIN TEMPERATURE (ROOM 
TEMPERATURE 7 F.) (21 


Effect of Hexamethonium (C-6) Compared with Lumbar Sympathectomy 
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Causalgia—(1) diagnostic, (2) therapeutic ol ob 
L. ' | 
Delayed wound healing associated with | 
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Hyperhidrosis with fungous infections— 
short-term effect only : Controt | S min [20min |45min (60min Canal tiene 20 min 145 min |6Omin ao aires 5 min [20min |45 min|6Omn 
Screening for sympathectomy BP 100/80 94/60 94/60 104/60 10444 ee 8199 Lett Pp 64 78 90 94 90 
Rest pain due to ischemia Left, lumbar sympathectomy, 28 year old man. The blood flow in the 


intact limb following hexamethonium (C-6) is at least equal to that 

in the sympathectomized limb. (Hexamethonium may be used instead 

Priscoline of paravertebral blocks to produce release of vessel tone and increase 
Intra-arterial in blood flow.) 


Adapted from a scientific exhibit shown at the meetings of the Ameri- 
can Medical Association and the New York State Medical Society. 
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Comparative Effects of Oral Dibenzyline, 2 Mg. Per Kilogram of Weight, 
and 50 Mg. Intravenous Hexamethonium (C-6) on Blood Flow in the 





Upper Extremities (30 Year Old Man, Bilateral Raynaud's Disease) 
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Oral Dibenzyline produces a more sustained increase in blood flow al- 
though degree of increase is less than that following hexamethonium. 


COLD ROOM STUDY 


ROOM 


BEFORE 
THERAPY 


RESULTS IN PERIPHERAL 
VASCULAR DISEASE 


(continued) 





ON 300 MG. ** 
PRISCOLINE 


DAILY 
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ON 120 MG 
DIBENZYLINE 
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(24 Year Old Man, Thromboangiitis Obliterans) 


Room T 


Note: Each bar represents first 
third and fifth toe and sole of foot 
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Dibenzyline is more effective than Priscoline in preventing the vaso- 
constrictor response to cold. Both drugs are of some value in vascu- 
lar diseases with a high degree of vasoconstrictor tone (vasospastic 


element) . 
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FAIR 
sag aD) 


Acrocyanosis 


Raynaud's phenomenon (occasional 
good result) 


Priscoline 
intra-arterial 
Oral 


Hexamethonium 
Intravenous 






Dibenzyline 
Oral 


Thromboangiitis obliterans with 
associated sympatheticotonia 


POOR 


Hexamethonium 
intravenous 


Dibenzyline 
Orai 


Relief of intermittent claudication 
in organic arterial disease 
Symptomatic relief in postfrostbite 
syndrome 
Post-traumatic neuropathy . 

t 
Despite occasional increase in 
blood flow 





363 






































































230 —e 
0.025 Mg Histamine 0.025 Me. Histamine Flush Headache 
intravenously 220 paeenctly 
2304, 210 
200 
210} 
190 
1604 N\ 
190 
170 J 
160 
170 J 
150 
v 
1404 
sof 
130 
30} - 
No s 
1o4 100 
90 
so] 80 
70 ES Cold Pressure Response 
7o r’ J. . i r 1 1 hee 4. 60 nm rm 4 4 i i 4 1 alien 4 
ComTact. ' 2 4 6 7 8 contra, 2! 2 3 4 5 6 7 8 18 
\ MIN. 
Positive response to histamine test in a case So-called false positive response to hista- 
of pheochromocytoma of the left adrenal mine test in a case of essential hypertension. 
gland. Patient was a 30 year old woman Dramatic blood pressure rise following cold 
pressor test. All other studies negative for 
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TESTS FOR PHEOCHROMOCYTOMA 
@ PROVOCATIVE 


Performed if blood pressure is less than 150/90-160/ 100 





HISTAMINE—Reliable. Fairly safe. Rare false positive or false negative response. 
Blood pressure rise should exceed cold pressor response. 

ETAMON—Reliable when positive. Occasional false negative response. 
HEXAMETHONIUM—-5 to 10 mg. intravenously (?) not without danger. Experience 
limited. 
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Pheochromocytoma, left adrenal gland, 33 
year old woman. 
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Malignant hypertension—uremia. Re- 
sponse to 5 mg. of Regitine intravenously. 
21 year old man. 
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18 year old man. 
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Pheochromocytoma. 33 year old woman. 





RLOCKING 


Performed if blood pressure is more than 150 / 100-160 /110 


BENZODIOXANE—Reliable. Occasional pressor reaction in essential hypertension. 


Rare false positive response. 


REGITINE—Simple, safe office procedure. False positive response in uremia and after 
any sedation. If positive. should be checked with benzodioxane test. 


DIBENZYLINE OR REGITINE—Useful in preoperative management. 








Stress Therapy (Piromen) 


for Karly Axillary Hidradenitis 


HARRY L. ARNOLD, JR." 


Straub Clinic, Honolulu, Hawaii 


BBipkapenrris suppu- 
rativa has been called 
by Brunsting a sort of 
“apocrine acne.” It ap- 
pears to start with ob- 
struction of the ducts 
of the large, deep apo- 
crine glands of the 
axillae (and sometimes 
the perianal area, too), 
followed by the forma- 
tion of small, slowly 
enlarging, sterile ab- 


HARRY L. 
ARNOLD, JR. 


scesses. These first are apparent clinically as 
one or several firm, exquisitely tender, slight- 
ly reddened nodules, usually under 1 em. in 
diameter. If untreated, or ineffectively treated, 
they frequently progress to hazelnut or walnut- 
size abscesses which may go on forming and 
draining, with or without benefit of surgical 
incision, for years. 

The diagnosis requires only the exclusion 
of furunculosis. Helpful in this connection, if 
found, are the presence of comedones, co- 
existent facial acne, simultaneous onset of 
multiple lesions, sometimes on both sides, and 
failure of abscesses to point like boils. Less 
helpful are failure to culture organisms from 
the pus, and poor response to antibiotics. 


*Department of Dermatology, Straub Clinic, Honolulu, Hawaii 
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Standard treatment described for hidradeni- 
lis in texts is a combination of antibiotics and 
x-ray therapy, and it is unsatisfactory in a 
fairly high percentage of cases. At best, it is 
apt to lead to incision and drainage of multi- 
ple abscesses; at worst, it may eventuate in 
wide excision of the gland-bearing tissues from 
the axillae. 

Piromen' is a bacterial (Pseudomonas) 
polysaccharide, originally intended for fever 
therapy. It has been known for some years 
that it activates the pituitary-adrenal mecha- 
nism. Conn has recently shown, however, that 
the metabolic part of the reaction to this drug 
differs in some respects from that to ACTH, 
notably in producing a positive nitrogen bal- 
ance from the beginning. 

I first tried Piromen in axillary hidradenitis 
with the idea of improving the patient’s defen- 
sive reaction against this persistent inflamma- 
tory process. | have become convinced that it 
is the most valuable single form of treatment 
available for this disease. 


Material 


A total of 10 women and 6 men were seen 
over a period of about three years because of 
early axillary hidradenitis—bilateral in 10 
cases, left side only in 5, and right side only 


‘Supplied by Travenol Laboratories, Inc., Morton Grove, Illinois. 
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TABLE 1 


Resuits or Courses OF PIROMEN FOR EarLy HiprRADENITIS 





' TIMES DURATION AVERAGE NUMBER RESULTS 
TREATMEN’ ' / - 
—_ (days) OF DOSES Cured Improved | No better Worse 
Piromen alone 4 3-5 2 3 ] 
Piromen following | 
Chloramphenicol ] 30 1 1 
X-ray therapy 5 7-21 4 2 yg es 
ACTH l 10 3 | ] 
Penicillin l 14 2 ] 
Piromen plus | 
Penicillin 2 2 2 1 1 
X-ray therapy 4 14 ] | 2 
TOTAL 16 7 3 1 5 














*Two abscesses ruptured and drained spontaneously. 


**These were the only cases which in the entire series 


in 1. The patients’ ages ranged from 15 to 
Al The of 


symptoms was nine days; in only 6 cases was 


average, 25. average duration 
it more than a week; the range was from 2 to 
30 days. 

All gave a history of using underarm per- 
spiration preventives, with a recent change of 
brand or type in several instances. 


Method 


The initial dose of Piromen varied from 2 
to 10 gammas. In general, initial doses above 
6 gammas tended to produce an unpleasant 
systemic reaction (headache, chills, general- 
ized aching, fever and prostration), and doses 
under 4 gammas tended to be somewhat less 
effective. In recently treated cases an initial 
dose of 6 gammas has been used, followed in 
24 hours if there is no clinical improvement, 


of 16 required incision and drainage. 


or in 48 to 72 hours if initial improvement is 
not sustained, by either the same dose (if 
there was a fairly brisk systemic reaction) or 
a dose of 8 or 10 gammas (if there was not 
any or only a slight systemic reaction). A 
third dose, similarly guided as to timing and 
amount, was given in three of the cases re- 
ported here. Two patients received five doses 

-both with marked improvement, but fol- 
lowed in one by relapse. 


Results 


Table 1 shows the results with Piromen. It 
appears that concurrent or previous irradia- 
tion does not improve the results; but since 
selection of treatment was guided by the ap- 
pearance of lesions, and was not made arbi- 
trarily and at random, it is likely that the 
poorer results occurred in such cases because 


TABLE 2 


RESULTS OF 


MISCELLANEOUS TREATMENTS FOR EARLY HIDRADENITIS 





~ 


TIMES DURATION 

TREATMENT a | (days) 
Oral Terramycin 3 7, 30, 14 
Penicillin and x-ray | 3 7, 10, 21 
ACTH (4 doses) 2 2, 10 
X-rays only 3 5, 7, 14 
Cortisone (4 days) ] 7 
Chloramphenicol 1 30 
Stop using Mum 1 7 
TOTAL 14 


RESULTS 
| Cured | Improved | No better W orse 
| 2 bo 7 
3 
l l 
1 ] l 
1 
1 
1 | 
5 2 2 5 
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TABLE 3 


Resets or Treatment Wire Prromen in Six Apprrionan Cases 


} DOSES 
| 


SEN AGE | DURATION | OF PIROMEN 
(gammas) 


M | 20° | Lyear | 6 | Well in 2 days; 


I 22 | 2days | 6,6 


RESULTS 


remained well. 


Nodules enlarged, softened: given tetracyeline and 2 doses x-ray therapy, 


| Well in 10 days. No drainage occurred. 


} 
| Well in 3 days; remained well, 
remained well. 


| Better, but required tetracycline and oral hydrocortisone for 4 days. Well in 


Well in 6 days. Remained well. 


r | 4&8 2 weeks 6,8 
Ko] 16 | week 6 Well in 5 days; 
| 50 2 weeks 6, 10 
9 days. Remained well. 
M | 4 | 3 weeks 8, 10 


the conditions initially were more severe and 
advanced, Duration, though shown in’ the 
table, is not a reliable index of severity, for 
these nodules may be quite indolent during 
the first two or three weeks, or may enlarge 
and soften quite rapidly, 

Piromen was used as the initial and only 
treatment in only four cases; in all of these 
there was immediate improvement, sustained 
in three but with temporary relapse in one. 
The response in all these cases was prompt, 
with partial to complete relief of pain and ten- 
derness in the first 24 hours and reduction in 
the size of the nodule or nodules in the follow- 
ing two or three days. 

In nine cases, Piromen was used 12 times 
either with, or following, other treatments: 
here it was successful only four times. Most of 
these cases were of considerably longer dura- 
tion than the four in which Piromen was used 
alone. 

In the other five of this group of nine cases, 
credit for the patient’s recovery seemed _at- 
tributable to oral TERRAMYCIN® (two cases 
out of three), ACTH (one case out of two), 
oral cortisone (one case receiving it), and just 
simple discontinuance of MUM® (in one very 
mild case). 


Comment 


The speedy response to oral cortisone in one 
of this series (and, incidentally, in another 
case of two years’ duration, not included here ) 
suggests that it would be an effective form of 
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treatment. This is borne out by a report by 
Farber and Claiborne, in the August issue of 
California Medicine, of effective cortisone 
therapy in six cases of acne conglobata a 
severe, deep, cystic and suppurative variety 
of acne which closely resembles axillary hid- 
radenitis. 

It is advantageous, however, to avoid the 
pituitary-depressant effect of cortisone  ther- 
apy if possible; and since Piromen presumably 
acts either at or above the pituitary level, it 
probably produces the least possible pituitary 
depression in relation to the adrenocortical 
response it elicits. The risk of relapse (which 
occurred, though mildly, in four of Farber’s 
six cases) should therefore be minimized. 


Summary 


Piromen, administered intravenously — in 
gradually increasing doses of from 4 to 10 
gammas at intervals of two to five days, fre- 
quently is dramatically effective in early axil- 
lary hidradenitis, before suppuration has oc- 
curred, It seems most effective if irradiation 
and antibiotics are not used. 

It is suggested that orally administered cor- 
tisone or hydrocortisone, though somewhat 
less desirable, may be even more effective. 
especially if suppuration has already occurred. 


Addendum 


Six additional cases have been treated since 
the paper was first submitted, with the results 
shown in table 3. 
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DIAGNOSTIC CLINIC 


Parkinsonism, Athetosis and Ballism 
A REPORT OF PROGRESS IN SURGICAL THERAPY 


RUSSELL MEYERS* 


State University of lowa College of Medicine, lowa City 


Introduction 
Tue purpose of this 
paper is threefold: (1) 
to report on and for- 
mulate tentative eval- 
uations of recent sur- 
gical endeavors against 
parkinsonism, choreo- 
atheto-dystonic disor- 
ders and ballism: (2) 
to examine certain cur- 
rent theories of the 
pathogenesis of the hyperkinetic disorders in 
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the light of data recently acquired from surgi- 
cal sources, drawing attention to features that 
now appear to need alteration, and (3) to en- 
vision directions in which future experimen- 
tation in surgical therapy promises palpable 
rewards. The developments since the close of 
World War Il have been given chief notice in 
this report, but, since these have in a very 
immediate sense been “primed” by ante-bellum 
efforts, references to earlier contributions have 
frequently been made for better illumination 
of the picture. 

The current motivation for surgical experi- 
‘Division of Neurosurgery, Stare University of lowa College of Medi- 
cine, lowa City, Towa. 


Presented with motion picture before the thirty-ninth annual Assem- 
bly of the Interstate Postgraduate Medical Association at Minneapolis. 


May 1955 





mentation in the hyperkinetic-dystonic dis- 
orders, namely, the generally disappointing 
character of physical, psychiatric and phar- 
macologic measures, remains much as it was 
in the early decades of the present century. 
Although numerous pharmaceutical agents 
(offered mostly for parkinsonism) have ap- 
peared during the past two decades, the grist- 
mill of clinical experience has shown them to 
be scarcely greater in effectiveness than the 
solanaceous alkaloids. Whether used singly or 
in combination, the curarelike agents, the 
amphetamines, vitamin B,, the propanediols, 
the antihistamines, the trihexyphenidyls and 
the phenylcyclopentane carboxylates have 
proved incapable, in large series followed for 
sufficient periods, of clinically abolishing tre- 
mor and rigidity. They have, however, proved 
helpful in diminishing these troublesome mani- 
festations, in elevating mood, and abolishing 
certain of the less common symptoms, e.g., 
oculogyric crises. 

Unfortunately, there is a notable tendency 
for the early clinical effectiveness of these 
therapeutic agents to “wear off’—a circum- 
stance that has led to the recommendation 
that therapeutic regimens should be periodi- 
cally rotated. Again, certain agents, pushed to 
the near limits of tolerance required for clini- 
cal benefit, are frequently attended by side 
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reactions of such severity as to make them 
quite unacceptable to patients; others exert a 
favorable effect on one symptom, such as ri- 
gidity, only to augment another, such as tre- 
mor;' still others are contraindicated in the 
presence of hypertension, arteriosclerosis and 
narrow renal reserve,' or must be discon- 
tinued owing to the incitation of allergic 
responses. 

These, in brief, are the conditions that have 
prompted and continue to prompt surgical 
endeavors to relieve parkinsonism, chorea, 
athetosis, dystonia and ballistic movements. 

It is necessary to preface this report with 
the statement that no highly dependable sur- 
gical treatment has as yet been evolved. Such 
measures as have been employed thus far are 
applicable at best to but a narrow range of the 
extensive clinical conditions classified as hy- 
perkinetic and dystonic disorders. Even here 
they must be regarded as decidedly in the ex- 
perimental phases of their development, in 
need of more intensive and extensive observa- 
tions and of wider confirmation than now 
obtains. 

There is nevertheless some warrant for tem- 
pered optimism, for it now appears that the 
arduous and often discouraging labors of the 
past 20 years have begun to pay small but 
recognizable dividends, not only in the clini- 
cal realm but also in what may in the long run 
prove of the utmost “practical” value—the 
acquisition of bona fide pieces of data that 
must ultimately lead to a substantial general 
theory of the pathogenesis of the hyperkinetic 
disorders. 

Clinical and basic science researches in this 
area, like many similar “elective” projects, 
were largely suspended during World War II. 
Since 1947, however, an encouraging resump- 
tion of interest has been signalized by the pub- 
lication of two reviews of surgery for parkin- 
sonism,”’* one synopsis of the broad cerebral 
palsy problem,* and four general reviews of 
surgical research in the hyperkinetic and dys- 
tonic area.”* In addition, critical inquiries 
into currently prevalent notions bearing on 
the pyramidal and extrapyramidal systems in 
health and disease have appeared,”'’® draw- 
ing attention to the unsubstantial character of 
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certain fundamental concepts that unwittingly 
influence basic science and clinical interpre- 
tations of neural phenomena and determine 
courses of action. The articles suggest lines 
along which new premises, based on opera- 
tionalism rather than ex-cathedra pronounce- 
ments, may be arrived at. 

Although not of directly positive benefit, 
experience has by now made possible the 
elimination of several surgical procedures that 
engaged attention during the early decades of 
the current century. Among these are the pos- 
terior rhizotomies,'' sympathetic ramisections 
‘219 employed for the 
relief of spasticity and rigidity, and thyroidec- 
tomy for the relief of parkinsonian tremor.*° 
In addition, Cobb and associates*' have ad- 
duced empirical evidence indicating that 
Wyke’s operation of linear cortical and U-fiber 
incision of the premotor cortex just anterior 
to the “4-s” suppressor strip is ineffective for 
the relief of alternating tremor. 

With regard to those surgical procedures at 
present in use, namely, ablation and under- 
cutting of portions of the motor-excitable cor- 
tex, several varieties of cordotomy and cere- 
bral pedunculotomy, and operations at the 
level of the basal ganglionic-pretectal com- 
plex, a reasonably clear comprehension of the 
factors limiting their use has by now been 
achieved. Moreover, the means by which cer- 
tain of these limiting factors may be sur- 
mounted are now at hand. In short, per- 
ceptible gains have begun to emerge from the 
travail of the recent past. To a comprehensive 
survey of these we now turn. 


and ganglionectomies 


Parkinsonism; Paralysis Agitans 


Animal experimentation—Until recently one 
of the serious deterrents to the acquisition of 
empirical data bearing on the pathology, path- 
ogenesis and therapy of parkinsonism in par- 
ticular and hyperkinetic-dystonic disorders in 
general has been our inability to reproduce 
their counterparts in the experimental animal. 
Fortunately, this difficulty has been hearten- 
ingly reduced within the past five years. Stere- 
otactic electrocoagulation of the medial mes- 
encephalic tegmentum and subthalamic regions 
has been followed in at least some monkeys 
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by the appearance of patterned and nonpat- 
terned hyperkinesias.** *° Moreover, Mettler 
and Carpenter*® have successfully “treated” 
such abnormal movements by producing elec- 
trolytic lesions in the pallido-pallidofugal com- 
plex. The operation results in a condition that 
Mettler and Carpenter believe to be the sine 
qua non of successful therapy, namely, a de- 
gree of paresis in the contralateral limbs. As 
we shall see, this circumstance does not ap- 
pear to hold for the surgical treatment of par- 
kinsonian tremor in the human. 

Cortical ablation in the human—The ear- 
liest well-studied series of ablation of cortex 
presumed to be Brodmann’s areas 4 and 6, 
both singly and in combination, was reported 
by Bucy and Buchanan.” Since then, such pro- 
cedures, to which ablation of parts of areas 8, 
9 and 10 were in some instances added, have 
been carried out in a sufficiently large number 
of cases” **** and followed up for a sufficient- 
ly long period to warrant critical evaluation. 
Bucy***:** has concluded that, to abolish 
parkinsonian tremor, area 4 and a consider- 
able block of area 6 must be sacrificed (figure 
1), the consequences of which are enduring 
hyperreflexia, clonus, reflex after-discharge, 
spreading flexor synergies, spasticity, limb- 
postural alterations, circumduction gait and 
dyspraxia. In addition, such operations may 
induce epilepsy in patients not previously sub- 
ject to seizures. In short, the patient exchanges 
his pre-existing disorder for another disabling 
but more acceptable neurologic disorder. Bucy 
therefore considered the procedure applicable 
only to patients in whom the afflicted limbs 
are already severely incapacitated and who 
are willing to accept a 10 per cent operative 
mortality risk. He is strongly opposed to bi- 
lateral cortical ablation, not only because of 
the somatic deficits mentioned above, but also 
because of the risk of enduring psychologic 
and vegetative disturbances. 

His admonition has evidently been general- 
ly heeded, for the literature since 1947 indi- 
cates that cortical ablation has been employed 
by only a few investigators,** *° among whom 
Reid® has had by far the largest series—15 
cases. In general, the results of cortical abla- 
tions recently noted are consistent with earlier 
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reports of Bucy, Sachs, Putnam and White. 
Undercutting the motor-excitable cortex— 
Takebayashi*' reported generally favorable re- 
sults in 1951 following undercutting of the 
motor-excitable cortex. The author designated 
this procedure “T-tomy” (a term descriptive 
of the incision) and claimed priority for it. A 
similar procedure had, however, been tried 
without beneficial effect in several cases de- 
scribed in 1941.** The cases reported in Take- 
bayashi’s series were somewhat sketchy and 
had been followed postoperatively for too 
short a period to permit dependable present 
evaluation. Oliver* ***° reported a series of 
10 cases subjected to undercutting of areas 8, 
9 and 10 with-early partial success in eight. A 
late follow-up of this series has not appeared, 
but undercutting of cortex appears to me to 
warrant little optimism. 
Cordotomy—Putnam’s** encouraging expe- 
riences in the early 1930’s with high cervical 
anterolateral cordotomy for choreo-athetosis 
led him to try the procedure in a series of 
five cases of parkinsonism. The results were 





FIGURE 1. Diagram of left hemisphere illustrating oper- 
ative procedure employed by Bucy and others for relief 
of contralateral hemiparkinsonian tremor, choreo-atheto- 
sis and hemiballism. Black region indicates portions of 
Brodmann’s cortical areas 4 and 6 extirpated for abnor- 
mal movements largely limited to the upper limb. A 
more extensive extirpation is required to relieve hyper- 
kinesia of the upper and lower limbs. C, central fissure 


of Rolando. 














disappointing. Putnam’ *” then conceived of 


high cervical posterolateral cordotomy (crossed 
pyramidotomy ) and performed the operation 
in seven patients, all of whom exhibited dur- 
ing the early postoperative months an appre- 
ciable reduction, but not abolition, of tremors 
and rigidity (figure 2A). Putnam’s procedure 
proved applicable to bilateral cases. 

The resulting motor and reflex deficits of 
crossed pyramidotomy were similar in type to 
those following cortical ablation but were gen- 
erally less severe than expected in terms of 
conventional neurophysiologic doctrines. The 
reduction of motor power in Putnam’s patients 
ranged from 30 to 80 per cent. Some improve- 
ment in motor power usually became appar- 
ent as time passed. Urinary retention was 
usually short-lived. In one case, alleviation of 
rigidity following cordotomy permitted motor 
performances of which the patient had been 
incapable before operation. 

By 1950, Putnam’s series had increased to 
22, 15 having been followed for at least a year. 
Of these, eight patients showed “satisfactory 
reduction” of tremor and seven were consid- 
ered unimproved. There were no operative 
deaths. 

The incompleteness of relief following pos- 
terolateral cordotomy and the tendency of 
some patients to lose early gains led other 
workers to attempt a more complete pyrami- 
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FIGURE 2. Diagrams of various lateral 
cordotomy (cervical pyramidotomy) 
procedures employed for the relief 
of parkinsonian tremors and rigidity, 
Black regions represent portions of 
cord incised, A, Putnam’s operation: 
B, Ebin’s interruption of crossed and 
uncrossed corticospinal tracts: (. 
Oliver’s lateral funiculotomy. 





dotomy. Ebin®'** interrupted the direct as 
well as the indirect pyramidal tracts at C5 in 
Ll patients, one of whom underwent bilateral 
operation (figure 2B). At the time of report 
these cases had been followed for a maximum 
of 20 months and a minimum of four months 
since operation. One patient died of undeter- 
mined cause two months postoperatively. All 
were said to have obtained a marked reduc- 
tion of tremor and rigidity. On the average. 
motor power was reduced to between 35 and 
40 per cent, ranging from 10 to 80 per cent. 
Varying degrees of dyspraxia and cutaneous 
sensory deficits were encountered. Sphincteral 
dysfunctions did not prevail for more than 10 
days. A lengthy follow-up study of Ebin’s 
series is awaited. 

Pursuing a similar goal, Oliver? **"’ in- 
creased the depth and extent of Putnam’s 
crossed pyramidotomy incision in 48 cases, 
many of whom were subjected to bilateral, two 
stage operation. Half of these exhibited amel- 
ioration of tremors and improved motor ca- 
pacity; however, there was a strong tendency 
for the tremors to return after a few weeks to 
months, Six patients appeared to be worsened 
and three died in consequence of operation. 
Oliver then extended the incision to interrupt 
the entire lateral funiculus in 14 subjects (fig- 
ure 2C). Tremor was all but completely abol- 
ished. For a period immediately following 
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Figure 3. Diagram of midbrain to illus- 
trate two lateral pedunculotomy (crusoto- 
my) procedures for the relief of abnormal 
movements. Black regions represent surgi- 
cal incisions. W, Walker’s operation for 
hemiparkinsonism and hemiballism; G-P, 
Guiot and Pecker’s operation for hemi- 
parkinsonism. 


operation, hemiplegia was complete but there- 
after tended to improve, reaching useful levels, 
especially in the lower limbs, within a few 
months. The enduring sequelae included con- 
tralateral analgesia and thermanesthesia and 
a reduction of sexual potency and orgasm. 
There were no operative deaths. Oliver con- 
sidered bilateral funiculotomy contraindicated. 
Lateral mesencephalic pedunculotomy—In 
1949, there appeared brief reports by Walker™ 
and Guiot and Pecker**:*’ of encouraging re- 
sults following surgical section of the lateral 
portion of the cerebral peduncle opposite the 
afflicted limbs. Walker’s incision began at the 
lateral sulcus and was described as being 6 
to 7 mm. deep; that of Guiot and Pecker was 
similar in extent but only 3 mm. deep (figure 
3). Walker followed his first four cases for 
three years, reporting that three had held the 
marked improvement exhibited soon after op- 
eration, of whom two were able to do some 
work. White”’ also reported a satisfactory early 
result following lateral pedunculotomy. 
Operations at the level of the basal gan- 
glionic-pretectal complex—The earliest en- 
deavor to deal with hemiparkinsonism by sur- 
gery at the level of the basal ganglia was made 
by the writer in 1939" and consisted of trans- 
ventricular extirpation of the contralateral 
(right) head and anterior portion of the body 
of the caudate nucleus in a woman in whom 
previous premotor cortical undercutting had 
failed to abolish alternating tremors. A highly 
satisfactory result obtained for four years. 
after which a nonpatterned hyperkinesia de- 
veloped in the limbs previously afflicted by 
parkinsonian tremors.’ Meanwhile, further ex- 
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perience with the procedure had demonstrated 
that extirpation of the caudate head and body 
is insufficient in itself to produce favorable re- 
sults. This led to further experimental extirpa- 
tion and/or section of various portions of the 
corpus striatum and related pathways. As of 
the present, 58 patients have been subjected 
to such procedures and have been followed 
for a minimum of 18 months and a maximum 
of 13 years.* These are summarized below. 





NUMBER OF 
OPERATION 
_— PATIENTS 
Extirpation, caudate head 1 


Extirpation, caudate, followed by curvilinear sec- 
tion of anterior limb of internal capsule ll 


Extirpation, caudate, followed by curvilinear sec- 
tion of anterior limb of internal capsule, and 
extirpation of oral third of putamen 6 


Extirpation, caudate, followed by curvilinear sec- 
tion of anterior limb of internal capsule, and 
extirpation of oral third of putamen and oral 


pole of globus pallidus 4 
Ansotomy (section of pallidofugal fibers) 22 


Ansotomy, followed by extirpation of caudate and 
curvilinear section of anterior limb of internal 
capsule 10 


Ansotomy, followed by extirpation of caudate, 
curvilinear section of anterior limb of internal 
capsule, and extirpation of oral third of puta- 
men 3 


Extirpation, caudate, followed by linear sepa- 
ration of “motor” and “premotor” cortex, and 
undercutting of “premotor” cortex 1 


TOTAL 58 





*Cases subjected to operation within the past 18 months have been 
omitted from the present report as having been followed for insuffi- 
cient periods to warrant evaluation. 








lifty-four patients exhibited unilateral (or 
predominantly unilateral) parkinsonian tre- 
mor, attended by various degrees of rigidity 
from nil to severe. The remainder exhibited 
bilateral involvement, and, of these, three were 
subjected to bilateral operation. Surgery was 
not offered for cases of paralysis agitans sine 
tremore, i.e., that in which rigidity and aki- 
nesia were the dominant clinical features. 

The favorable and unfavorable results of 
the first 10 years’ experience with surgery of 
the basal ganglionic and pretectal structures 
were reported in 1951.‘ These data and the 
results of subsequent operations can be sum- 
marized as follows: 





Much improved (tremor-free; some rigidity 
persisting; no clinical neurologic deficits 
consequent to surgery) 11 (19%) 

Improved (tremor and rigidity reduced, not 
abolished; or if abolished, attended by 
some degree of postoperative dyspraxia, 
paresis or spasticity) 25 (43%) 

15 (26%) 
7 (12%) 


TOTAL : 58 


Unimproved 


Operative mortality 





Thus, slightly over three-fifths of the pa- 
tients in this series were considered to have de- 
rived appreciable benefit from surgery. These 
results must still be considered tentative. 

The present 12 per cent operative mortal- 
ity, bearing reference to the series from its in- 
ception, represents but a small improvement 
over the 15.7 per cent reported in 1951. Some 
encouragement is to be found in the fact that 
among the 29 cases constituting the second 
half of the series, there were only three deaths, 
giving a more recent operative mortality of 
10.3 per cent. Nevertheless, this must still be 
regarded as overly formidable for elective sur- 
gery, even if older patients and others in whom 
arteriosclerosis appears to be responsible for 
parkinsonism are summarily excluded from 
operation. And inasmuch as the latter make 
up the numerical majority of sufferers from 
parkinsonism seen in current neurologic prac- 
tice, it becomes apparent that open surgery at 
the level of the basal ganglia has a limited ap- 
plicability to the problem of paralysis agitans. 


374 






ost 


a Seve ae 





fas 





erga 
sesee.e 


see 
“7 
o< 


ote 
. 
% 
+ 
seed 
terse 





FIGURE 4. Diagram of right hemisphere, frontal section, 
at level of foramen of Munro (For) showing ansa len- 
ticularis (Al) and other pallidofugal elements inter- 
rupted in ansotomy for the relief of contralateral hemi- 
parkinsonian tremor. The procedure is ineffectual against 
choreatic, athetotic and dystonic movements. M, approach 
employed by the writer via corpus callosum (C.), lateral 
and third ventricles; G, approach employed by Guiot 
via perforated substance in neighborhood of optic tract 
(Op); Ca, body of caudate nucleus; Th, lateral nucle- 
us of thalamus; Int. Cap., internal capsule; Put, puta- 
men; Gl I, globus pallidus, crus I (medial segment) ; 
Gl I, globus pallidus, crus II (lateral segment). 


Of the several experiments tried by the 
writer, ansotomy (figure 4) and section of the 
anterior limb of the internal capsule (figure 
5) appeared to yield by far the most favorable 
results. From the standpoints of pathophysi- 
ology and theoretical neurology, the most 
heartening fact documented by this series was 
that tremor could be abolished and rigidity 
reduced, though not abolished, without the 
production of postoperative paresis, spasticity, 
hyperreflexia, dyspraxia, abnormal postures 
and circumduction gait. This has subsequent- 
ly been confirmed by other investigators.** 

In 1947 and 1948 Browder®®* critically 
examined the therapeutic results in a series of 
13 cases subjected to extirpation of the supe- 
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FIGURE 5. Diagram of medial aspect of right walls of lateral and third ventricles. A, extirpation of head of caudate 
nucleus and B, curvilinear section of anterior limb of internal capsule, extending behind as far as the genu. 


(From Meyers, R., The human frontocorticopontine tract. Neurology 1:341-356, 1951, with permission of editor and publisher.) 


rior half of the caudate head and curvilinear 
section of the anterior limb as far back as 
the genu of the internal capsule. In six, the 
tremors were abolished and rigidity reduced. 
Three patients succumbed to operation. Brow- 
der and Rabiner remarked a curious post- 
operative phenomenon in this series, namely, 
that although when prompted the patients were 
capable of employing the previously afflicted 
limbs for eupraxic functions, they showed lit- 
tle inclination spontaneously to employ them 
for such purposes. Hamby reported experi- 
ences with curvilinear section of the anterior 
capsular limb in a small series. His results 
were comparable to those reported by Browder. 

More recently, Spiegel and Wycis™*:“° sub- 
jected six patients to electrocoagulation of the 
ansa lenticularis under stereotactic control. 
All patients derived considerable benefit but 
in none was tremor abolished. There were no 
deaths. Narabayashi and Okuma®:**:*' report- 
ed similar but short-term results in 35 patients 
subjected to deposition of procaine in oil in 
the pallidum and pallidofugal complex of 
fibers. This was accomplished by means of a 
needle introduced under stereotactic control. 
Among nine unilateral and 17 bilateral cases, 
Narabayashi and Okuma found rigidity more 
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completely and lastingly benefited than tre- 
mor. Clinical improvement lasted for periods 
of from two weeks to two months. 

Guiot® devised a new operative approach 
to the pallidofugal fibers by incising the ansa 
lenticularis through the anterior perforated 
substance, close to the optic chiasm. The re- 
sults observed in 27 cases, the earliest of 
which have been followed for about two and a 
half years, are as follows: 





UNILATERAL CASES 
Good 


Improved 


Worse 
Deaths 


8 

1 

Unimproved 4 
] 

0 

TOTAL, ..... 14 


BILATERAL CASES 


Seep 2 
Improved 6 
Unimproved 2 
Worse ; er ; 1 
Deaths .... : ; 2 

TOTM....... oe ; a 13 





These cases are in process of being further 
followed and evaluated. Meanwhile, Guiot and 
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Namin"' have initiated a control series of par- 
kinsonian patients subjected to electrocoagu- 
lation of the ansa lenticularis under stereotac- 
tic control, 

Surgery under stereotactic control has much 
to recommend it, not the least of which is its 
relative safety, At present its chief shorteom- 
ings inhere in the difficulty of accomplishing 
complete section of the pallidofugal fibers and 
the (consequent) incompleteness of abolition 
of tremor, This appears largely a technical 
problem and will no doubt soon be solved. 

Most recent surgical procedure undertaken 
for parkinsonism is that of Cooper," 
who occluded the anterior choroid artery as it 
leaves the circle of Willis. Thirty patients 
were subjected to operation, in four of whom 
tremor was abolished for periods of 12 to 18 
months; in five it was considered appreciably 
dampened, The effect on rigidity and related 
phenomena was similarly gratifying. Cooper's 
operative mortality was 13.3 per cent. 

Several surgeons have had similarly favor- 
able results with Cooper's procedure; others 
reported failures and untoward complications. 

In an effort to accomplish better selection 
of surgical candidates and thus minimize op- 
erative failures, Cooper‘! has recently injected 
procaine into the pallido-pallidofugal com- 
plex. It appears to me that the lack of precise 
control by hand of the needle tip and the 
propensity of procaine to diffuse are factors 
that must necessarily limit the effectiveness of 
this measure. 

As with other experiments in this area, the 
usefulness of occlusion of the anterior choroid 
artery must be determined by a prolonged 
follow-up study. The opinion may be ventured, 
however, that any surgical procedure which 
depends for its success on the production of 
necrosis in tissues supplied by a particular 
cerebral artery can be only as predictable as 
the constancy with which that vessel is re- 
sponsible for the integrity of those tissues, 
and for none other. With reference to the an- 
terior choroid artery, this appears to be a 
serious limiting factor, for the vessel is known 
in some cases to supply more, in others less, 
than the cerebral structures crucial to a satis- 
factory result. 
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Comparison of Operations at Cortical, 
Spinal, Peduncular and Basal 
Ganglionic Levels 

| have noted the neurologic sequelae that 
follow motor and premotor cortical ablations, 
cervical pyramidotomy and lateral pedun- 
culotomy. Such deficits do not follow opera- 
tions at the level of the basal ganglionic-pre- 
tectal complex unless some unanticipated com- 
plication ensues.© 1° "75 Th this re- 
spect, the basal ganglionic operations approach 
the ideals of surgical therapy somewhat closer 
than do other procedures, 

Cortical ablation requires preliminary dem- 
onstration of the motor strip——a time-consum- 
ing and sometimes troublesome procedure, 
especially when convulsions are unexpectedly 
produced. Further, when the motor strip has 
been closely identified, the operator is still 
obliged to envision the forward-lying limits 
of areas 4, 6 and 8. This being a strictly intui- 
tive process, i.e., dependent on the surgeon’s 
personal concept of Brodmann’s dubious ar- 
chitechtonic map, it leaves much to be desired 
from the standpoint of scientific control. 
Again, the operator may be forced by the vas- 
culature of the particular brain being dealt 
with to modify the cortical ablation he con- 
siders desirable. Lastly, bilateral cortical abla- 
tion has been viewed by the majority of work- 
ers in this area with considerable misgiving. 

The cordotomies are by and large less for- 
midable procedures than those necessitating 
craniotomy. In contrast to cortical ablation, 
they entail no preliminary electrical stimula- 
tion. Moreover, they can be carried out dur- 
ing general anesthesia and require a minimal 
exercise of intuition by the surgeon. Dyspha- 
sia, dysarthria and epilepsy need not be an- 
ticipated following cordotomy, and bilateral. 
two stage pyramidotomy has proved feasible. 
On the other hand, effective cordotomy regu- 
larly entails enduring sensory and at least 
transient sphincteral dysfunctions and unfor- 
tunately offers no relief for hyperkinesias 
above the neck. 

Pedunculotomy is comparable in its post- 
operative motor and reflex effects to cor- 
dotomy, but avoids the untoward sensory 
disturbances of the latter. However, it calls 
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for somewhat greater technical skill than cor- 
dotomy and carries correspondingly greater 
surgical risks. The feasibility of employing 
pedunculotomy for bilateral parkinsonism has 
yet to be settled. Walker™ advises against it. 

From the technical standpoint, operations 
at the level of the basal ganglia and pretectal 
region are more difficult and carry perceptibly 
greater risks than either cortical ablation or 
cordotomy. The introduction of stereotactic 
control (figure 6) has considerably enhanced 
the margin of safety of such procedures but, 
up to the present, skillful use of this instru- 
ment remains limited to a few surgeons and 
the clinical results thus far reported have been 
somewhat less satisfactory than those accom- 
plished by incisional ansotomy and occlusion 
of the anterior choroid artery. 

The best results have been obtained with 
ansotomy and section of the anterior capsular 
limb when the patient has been under local 
anesthesia. This is an unwelcome condition 
of operation to many patients and surgeons. 
Finally, the operative mortality of incisional 
procedures at the basal ganglionic-pretectal 
complex is about 5 per cent higher than that 
of the cortical and cord operations. How- 
ever, when stereotactic procedures have been 
brought to a maximal effectiveness the risks 
of ansotomy will be reduced to more accept- 
able levels. 


Chorea, Athetosis and Dystonia 


Cortical ablation of motor and premotor 
areas—This procedure, introduced by Hors- 
ley in 1890, was tried with various modi- 
fications and indifferent results by several in- 
vestigators during the first two decades of the 
current century.*” ***? Interest in the opera- 
tion was reawakened by Bucy and co-work- 
ers *7,28,30°82,83,84 during the 1930’s, since 
which time several papers’: **:*°:°°*°°° have 
reported varying degrees of success and fail- 
ure. This procedure is shown in figure 1. 

Bucy‘:*°:*?-8* concluded that among the hy- 
perkinesias, choreo-atheto-dystonic cases were 
by far the most refractory to surgical therapy. 
In a critical review of the literature and his 
own experience he ventured the opinion that 
enduring suppression or abolition of abnormal 
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FIGURE 6. Human stereotactic device for the placement 
of electrodes in predetermined deep-lying structures, e.g., 
the pallidofugal complex. The apparatus is fixed to the 
skull at two frontal and two parietal points and is 
oriented to the tridimensional coordinates of the brain 
with reference to three planes: the interaural, the mid- 
sagittal and the line of Reid (from inferior orbital mar- 
gin to the center of the external auditory canal). The 
electrode is passed through a bur hole suitably placed 
and is advanced and withdrawn by means of a calibrated 
rack-and-pinion device. The electrodes can be used to 
pick up bioelectric potentials, stimulate and coagulate 
tissues and deposit pharmacologic agents. 


movements necessitates wide ablation of areas 
4, and 6; that considerable neurologic deficits 
must be accepted, as with similar ablations for 
parkinsonism; that operation is justified only 
in those with virtually useless limbs; that cor- 
tical ablation should be limited to one side; 
and that operation should not be employed 
for mentally retarded patients and those well 
along in years. 

The few reports of cortical abla- 
tion that have appeared since publication of 
Bucy’s analysis have not materially altered the 
picture. 

Precentral gyrus incision, with and without 


6, 40,89, 91-94 
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undercutting of the premotor cortex——During 
the past 15 years, four patients have been sub- 
jected by me“ to subpial linear section along 
the length of the precentral gyrus (the cortex 
and subjacent U-fibers being incised to a 
depth of 2.5 cm.), and three patients have 
been subjected to similar linear section fol- 
lowed by undercutting of the premotor cortex 
envisioned as Brodmann’s area 6 (in one case 
also area 8 and part of 9). There were no 
deaths. All were therapeutic failures. 

Operations at the level of the basal gan- 
glionic-pretectal complex—Ansotomy was car- 
ried out by the writer in three cases each of 
choreo-athetosis and dystonia, none of which 
was lastingly improved.**:°":**:*" One dystonic 
patient died postoperatively. In addition, two 
patients with choreo-athetosis underwent ex- 
tirpation of the caudate head and curvilinear 
section of the anterior limb of the internal cap- 
sule without lasting benefit. 

Spiegel and Wycis’’”’** similarly encoun- 
tered disappointment following attempts to 
ameliorate choreic and athetotic disorders by 
electrocoagulation, under stereotactic control, 
of the dorsomedial nucleus of the thalamus 
and globus pallidus. Cooper®*:*” found occlu- 
sion of the anterior choroid artery only tem- 
porarily effectual in several of the early cases 
of his series. He has subsequently discontinued 
using this procedure for nonpatterned hyper- 
kinesias. 

Anterolateral cordotomy—Putnam* con- 
ceived that section of the extrapyramidal paths 
might interrupt abnormal choreo-athetotic im- 
pulses engendered by diseased striatal centers 
and projected on the anterior horn cells. Ac- 
cordingly, he performed unilateral and bilat- 
eral anterolateral cordotomy at C2 in 30 cases 
(figure 7). In approximately two-thirds of the 
patients the abnormal movements were damp- 
ened, but not abolished.**:*°**:* Oldberg'®® 
reported similar results in a smaller series. 
The latter observed that early gains tended to 
be lost after several months, an observation 
ultimately confirmed by others. Reports of 
favorable results with the procedure continue 
to appear occasionally.” 

Untoward side effects of the operation in- 
clude analgesia and thermanesthesia contra- 
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lateral to and below the level of the cordoto- 
my. In bilateral cases, sphincteral disturbances 
similar to those that commonly follow antero- 
lateral cordotomy for the relief of intractable 
pain must be anticipated. 

Medial and lateral midbrain pedunculotomy 
(crusotomy)—In 1951, I reported a case of 
severe atheto-dystonia of the face, jaw, tongue 
and right upper limb in which surgical section 





FicuRE 7. Diagram of cervical cord showing in black 
region the portion incised in Putnam’s anterolateral cor- 
dotomy for the relief of athetosis. This is similar to the 
cordotomy employed for the relief of intractable pain, 
but has as its prime purpose the interruption of the 
“extrapyramidal” pathways of the cord, rather than the 
lateral spinothalamic tract, although the latter is neces- 
sarily also interrupted. 


of the medial two-fifths of the contralateral 
midbrain crus proved ineffectual for sustained 
relief of the abnormal movements.'®' Subse- 
quently, the lateral two-fifths of the crus was 
sectioned in this patient, again without salu- 
tary effect. These combined procedures did 
not impose clinically discernible neurologic 
disabilities over and above those observed 
preoperatively. 

Intermediate midbrain pedunculotomy 
(crusotomy)—Since 1952, I'* have per- 
formed bilateral, two stage section of the inter- 
mediate three-fifths of the crura cerebri in 
seven cases of severe choreo-atheto-dystonic 
quadriparesis (figure 8). One patient died 
following her second operation. Five patients 
were considered markedly and one moderately 
improved, in that the intractable movements 
were all but completely absent. An apprecia- 
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ble measure of voluntary movement, includ- 
ing that required for speaking, was preserved, 
despite interruption of the corticospinal tracts 
of each side. The procedure does not appear 
applicable to less severely afflicted cases than 
those described. 


Hemiballism 


Cortical ablation—In 1932, Bucy and 





ricuRE 8. Diagram of midbrain at level just posterior to 
that of the emerging oculomotor nerves. Blackened re- 
gions show the portions of cerebral crura interrupted in 
bilateral, two stage crusotomy (pedunculotomy) as em- 
ployed by the writer for the relief of severe atheto-dys- 
tonic movements in cerebral palsied quadriparetics. 


Buchanan* reported abolition of ballistic 
movements in one case subjected to ablation 
of the motor and premotor cortex contralateral 
to the afflicted upper limb (figure 1). A fol- 
low-up report*’ indicated that the favorable 
result was maintained for several years. A 
similar favorable result was recorded in 1950 
by Alpers and Jaeger.’ 

The enduring consequences of operation in 
Bucy’s case consisted of paresis, spasticity, 
dyspraxia and hyperreflexia of the involved 
member. Despite these sequelae, fair gross 
function of the previously afflicted limb was 
ultimately recovered. 

Ligation of branch of right sylvian artery— 
Ramos-Murguia and Ramos-Palacios’™ re- 
corded an attempt during local anesthesia to 
arrest hemiballistic movements by ligating the 
contralateral middle cerebral artery, just be- 
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yond the take-off of the anterior temporal- 
opercular branch. The ballistic movements 
ceased after 22 minutes and remained in 
abeyance until the patient’s death from pneu- 
monia on the third postoperative day. How- 
ever, it seems unlikely that such a nonspecific 
method will gain great favor among clinicians. 

Lateral midbrain pedunculotomy (crusoto- 
my)—In 1949, Walker®™* reported marked 


ra’ 
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FIGURE 9. Diagram of left cerebral hemisphere showing 
line of subpial incision of cortex and subcortical “U”- 
fibers (arrow) employed by the writer for the relief of 
hemiballism. The incision follows the “crown” of the 
precentral gyrus and lies behind the precentral sulcus 
rather than in front of it, as does that employed by 
Barry Wyke for hemiparkinsonism. C, central fissure of 


Rolando. 


amelioration of hemiballism in a case sub- 
jected to section of the lateral half of the con- 
tralateral crus. The incision began laterally at 
the sulcus lateralis and penetrated to a depth 
of 6 to 7 mm. (figure 3). A hemiplegia fol- 
lowed the operation, but after several weeks 
the paralysis began to recede and fair gross 
function of the afflicted limbs was ultimately 
regained. 

Precentral cortical-subcortical incision—In 
an endeavor to ameliorate hemiballism with- 
out imposing enduring neurologic deficits, two 
patients were subjected in 1948 by my asso- 
ciates and me™*®” to subpial linear incision 
of the cortex and subjacent U-fibers of the 
precentral gyrus” (figure 9). The ballistic 


*This procedure should not be confused with that of Barry Wyke for 
parkinsonism. The latter incised the cortex anterior to, rather thap 
behind, the precentral sulcus. 
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movements were abolished in both cases. One 
patient, a diabetic aged 50 years, has main- 
tained the early favorable result for over six 
years.*° Slight sporadic twitches of the fingers 
of the left hand constitute the sole present 
residuum of her hemiballism. Abnormal move- 
ments are absent from the lower limb, and 
her gait is not circumductive. Despite the fact 
that she has meanwhile become blind from 
diabetic retinopathy, the patient performs all 
skilled acts necessary for the conduct of her 
household affairs. But, she is unable to per- 
form highly skilled acts, such as crocheting. 

The second patient, aged 69 years, was like- 
wise relieved of all ballistic movements fol- 
lowing operation. She died of aspiration pneu- 
monia a month following her operation, when 
convalescence seemed well established. 

The same procedure was recently employed 
in an adolescent male with choreoballism of 
the left-sided limbs. In this instance, the ab- 
normal movements were reduced, but not abol- 
ished. Follow-up studies are in process and 
will be reported on later. 


The Bearing of Surgically Acquired 
Data on Theories of the Pathogenesis 
of the Hyperkinesias 


A sound general theory of the pathogenesis 
of hyperkinetic and dystonic disorders ap- 
pears to be one of the most urgent needs in 
this area. From such a formulation, special 
theories covering the various clinical forms 
of the so-called extrapyramidal disorders may 
be expected to emerge. No general theory has 
yet been proposed, but several special theories 
have been formulated for parkinsonism™: *°* 1° 
and choreo-athetosis.*’ Thus far, no theory has 
succeeded in accommodating all anatomic, 
physiologic, pathologic and clinical facts per- 
tinent to the disorder for which it was devised. 

Among the most frequently cited theories 
of the pathogenesis of alternating tremor is 
that of Bucy and Case.’ Among other things, 
this proposes that the integrity of the pyrami- 
dal tract is essential to the development and 
perpetuation of tremor. A corollary of this 
proposition is that any attempt at surgical 
abolition of parkinsonian tremor necessitates 
interruption, at some convenient level, of the 
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pyramidal impulses and, of course, accept- 
ance of all the neurologic deficits implicit in 
pyramidotomy. 

An integral part of the theory is its use of 
the concept of “suppressor strips” in the hu- 
man, especially that designated by Von Bonin 
as area 4-s. 

Data derived from surgical experiences ap- 
pear to call for some revision of the Bucy- 
Case theory, for patients subjected to various 
procedures at the pallido-pallidofugal com- 
plex, in whom surgical abolition of tremor has 
not been attended by clinically recognizable 
pyramidal signs, have now been reported from 
four independent sources.” **:°':®:%:71,°S Fur. 
thermore, considerable doubt has recently 
been cast on the concept of the suppressor 
strips (described by Hines, Dusser de Barenne, 
McCulloch, Garol and others) by workers at 
the basic science and clinical surgical levels.’ 

A yet more formidable difficulty confront- 
ing the theory relates to its acceptance of the 
concepts of “pyramidal,” “parapyramidal” 
and “extrapyramidal” systems (with their im- 
plied anatomic substrates, functions and clini- 
cal counterparts) as basic constructs. The 
nebulous character of numerous current as- 
sumptions referable to these systems has re- 
cently been pointed up by the writer,’® sug- 
gesting that unless the “building blocks” are 
verifiable, theories constructed from them 
must remain for some time suspect. 

Within recent years studies have been made 
in which the electrical potentials of the basal 
ganglia and thalamus have been recorded si- 
multaneously with those of the scalp surface 
in cases of parkinsonian tremor and in various 
human “controls.’**:*°:''° These indicate that 
the frequencies derived from the surface and 
deep-lying ganglia do not correspond with the 
waxing and waning of muscle potentials which 
characterize parkinsonian tremor. These data 
must ultimately be accommodated in patho- 
genic theories of alternating tremor offered 
in the future. 

Finally, an encouraging start has been made 
by Wiener,’ Walter and others working in 
cybernetics, constructing small-current, photo- 
tropic, “feedback” models that develop oscil- 
lating disturbances reminiscent of alternating 
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tremors. It is not unreasonable to suppose 
that communication engineers may in time il- 
luminate the clinical hyperkinetic disorders 
and arrive at basic principles by means of 
which successful therapy may be fashioned. 


A Prospectus 


Up to this point, this review appears to be 
largely a chronicle of the numerous failures 
of surgical experimentation in the hyperki- 
netic-dystonic areas and, at its sanguine best, 
a catalogue of factors that currently limit the 
use of the surgical procedures that have been 
attended by reasonable success. But below the 
surface the picture is in no sense discourag- 
ing, for numerous failures of the past have 
provided many pieces of negative data which 
must sooner or later prove helpful in construct- 
ing a substantial general pathogenic theory 
of the disorders; and, though far from ideal, 
certain recent procedures™ *? 8:59. 61,62, 64, 71,98 
point toward the pallido-pallidofugal complex 
as a critical region at which parkinsonian tre- 
mors and rigidity may be favorably altered 
without producing untoward neurologic or 
psychologic deficits. 

As I have noted, the early direct surgical 
attacks on this region were attended by a for- 
bidding operative mortality. However, recent 
developments in seemingly unconnected areas 
of investigation have begun to fall into place 
and make surgical intervention here a rela- 
tively safe procedure. The first of these is the 
development and improvement of stereotactic 
instruments applicable to the human.®*:''*"""° 
Priority in this area belongs to Spiegel and 
Wycis.' Already, partial successes have been 
reported in the alleviation of tremors and ri- 
gidity by stereotaxy. The stereotactic tech- 
nics thus far employed produce circumscribed 
necrosis by electrocoagulation,™:**:''® abso- 
lute alcohol,®*®*:""* and procaine in oil.**:* 
An older technic,"'* employing radon seeds 
deposited at the desired site, has recently been 
revised for animal experimentation by Stein 
and Peterson'’® and should ultimately prove 
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applicable to the clinical problems dealt with 
in this paper. Radioactive materials will very 
likely prove similarly useful.'*° 

But the most promising tool recently de- 
veloped is the adaptation of ultrasound to neu- 
rologic research, by means of which circum- 
scribed focal necrosis has been produced in 
the depths of the brains of laboratory animals 
by Fry and associates.*** The principle em- 
ployed consists of converging high-frequency 
ultrasonic waves from three or four electrical- 
ly activated crystal sources on the tract or 
other brain region intended for destruction. 
Interestingly, the tracts are more susceptible 
to necrosis by this technic than are neurocytes. 

The technics referred to above obviously 
require precise tridimensional coordinates for 
the human brain, comparable to those already 
available for the cat and rhesus monkey. Even 
here, a fair start has already been made. The 
first such coordinates, providing separate data 
for dolichocephalic, brachycephalic and meso- 
cephalic human heads, were exhibited by 
Meyers and Hayne in 1948,'** and in 1952 a 
useful atlas representing a “typical” human 
head was published by Spiegel and Wycis.'"’ 
Considerably more work is required in this 
field, for the diversity of shape and size of the 
human head renders the coordinates of the 
“typical” human head unreliable for cerebral 
structures other than those close to the inter- 
section of the arbitrarily adopted primary 
planes and landmarks. Bailey and co-workers 
are at present engaged in an extensive study 
of stereotactic coordinates in the human. The 
future of human stereotactic technics in clini- 
cal neurology and surgery seems assured, and 
an optimistic attitude regarding their use in 
the hyperkinetic and dystonic disorders ap- 
pears especially warranted. Certain factors 
currently limiting the employment of conven- 
tional surgical procedures in this area appear 
capable of resolution by this means. 


References cited in this article will be included in the 
author’s reprints. 


381 








DIAGNOSTIC CLINIC 


Hemorrhagic Diseases 


of Congenital Origin 


ARMAND J. QUICK* 


Marquette University School of Medicine, Milwaukee 


Concenitat hemor- 
rhagic diseases have, 
until recently, received 
little attention, except 
for hemophilia. I will 
discuss the genetic as- 
pects of these diseases, 
and will begin by de- 
scribing a typically se- 
vere case of hemo- 
philia which is repre- 
sented by the patient 
who has kindly come here today, Mr. B. 

This patient is 23 years old. Since early in- 
fancy, bleeding and bruising have been pres- 
ent. When he began crawling and walking, he 
began to have involvement of the joints, one 
of the severe and characteristic features of 
hemophilia. His many other symptompinclude 
hematuria. Hemorrhage into the intestines 
caused obstruction which was treated by 
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means of the Wangensteen tube rather than 
surgery. 

One rather unusual feature in this case has 
been cerebral hemorrhage. He has had several 
subarachnoid hemorrhages, which apparently 
were spontaneous. Fortunately, the resulting 
aphasia was temporary and he has almost com- 
pletely recovered. Spontaneous hemorrhages, 
especially into the central nervous system, are 
quite unusual in hemophilia. 

There is no family history of hemophilia, 
but that does not mean that the disease was 
not inherited in this case. Because the patient 
was an only child and his mother also was an 
only child, it probably has been carried silent- 
ly through several generations. 

Physical examination discloses partial an- 
kylosis. Extension of his right elbow is limited. 
and that of the left elbow is only slightly bet- 
ter. His left ankle also is involved, and he has 
impairment of his knee movements. The right 
knee is particularly interesting because of a 
tremendous hemorrhage in the posterolateral 
portion which caused gangrene and eventual- 
ly sloughing, so he has contracture. A number 
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of hemorrhages have occurred in the left knee; 
it is not particularly deformed, but he had a 
fresh hemorrhage recently. When it subsides, 
he probably will be able to straighten out the 
leg again. By safeguarding this knee against 
future injury, considerable function probably 
can be preserved. So there are five joints in- 
volved—the elbows, the knees (although the 
right knee probably is normal except for the 
contracture ) and the left ankle. 

Another thing we look for in hemophilia is 
bruising. He has a small bruise on his hand 
which is barely visible, and he tells me that 
only rarely do bruises develop on his body. 
In certain individuals with hemophilia, espe- 
cially after childhood, these ecchymotic spots 
rarely occur. They really are hematomas from 
which the blood extravasates to the surface, 
giving a black-and-blue appearance; they are 
not true ecchymotic spots as seen in purpura. 

Time will not permit my going into the rest 
of the physical examination, such as neuro- 
logic study for residuals of the subarachnoid 
hemorrhages. The involvement of the joints 
and the bruising are the things we look for 
particularly in these patients. 

The diagnosis in a severe case of hemo- 
philia is very easy; it is mainly the mild cases 
that present difficulties. We generally run a 
battery of laboratory tests, the first of which 
is the clotting time. This patient’s clotting 
time is prolonged to 140 minutes. If the test 
was carried out at 37 degrees, that finding 
would make me suspect a complication, name- 
ly, a circulating anticoagulant in addition to 
the hemophilic defect. One rarely finds a clot- 
ting time much over an hour even in severe 
hemophilia when the test is done at 37 de- 
grees in a water bath. 

As one would expect, the patient’s bleeding 
time is entirely normal—about three minutes. 
The tourniquet test also gives a normal reac- 
tion. His platelet count is 210,000, which also 
is normal. 

The prothrombin consumption test is much 
more specific for hemophilia than the clot- 
ting time. In our laboratories, we have devel- 
oped another test which is even more specific, 
because it rules out the platelet factor; it is 
the thromboplastinogen activity time. 
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The prothrombin consumption is definitely 
abnormal in hemophilia—very little prothrom- 
bin is consumed when the blood clots. The 
prothrombin time, however, is normal, indi- 
cating that the prothrombin and its accessory 
factors are entirely normal. That is important 
in the diagnosis—to rule out any abnormality 
in the prothrombin fraction. 

This patient’s blood lacks a primary clot- 
ting factor, thromboplastinogen, which is nec- 
essary for the formation of thromboplastin. His 
plasma contains very little of this substance. 

Before going into a more general discus- 
sion of the congenital hemorrhagic diseases, 
I shall excuse the patient and thank him for 
coming. 

At present, evidence indicates that the 
coagulation defect in hemophilia is caused by 
a deficiency of a clotting factor which we can 
call thromboplastinogen. The hereditary pat- 
tern of this defect is very definite and con- 
stant. A hemophiliac will transmit the defect 
to all his daughters, who will be carriers. His 
sons will not have hemophilia. This rule is 
absolute. A carrier can give the defect to half 
her sons, and those sons will be hemophiliacs; 
the other half will not have hemophilia. Like- 
wise, half of her daughters will be carriers, 
and half will not. 

Another important aspect concerning hemo- 
philia is that its degree is constant through- 
out the life of the individual; that is, mild 
hemophilia is mild throughout life and severe 
hemophilia remains severe. Superimposed fac- 
tors often give a distorted pattern, but basical- 
ly the defect is constant throughout life and 
is present on the day of birth. We have diag- 
nosed hemophilia in a child one day old. We 
have also established that several children 
whose mothers were known carriers were nor- 
mal at the time of birth and have remained 
normal in regard to the hemophilic defect. 

The defect is quantitatively transmitted. 
We have records of families in which the de- 
fect has been mild through eight generations, 
and other families in which it has been very 
severe. If this young man here today had 
brothers with the disease, they would have it 
very much to the same extent and severity, as 
would any cousins or uncles who were hemo- 
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philiacs. I have never seen a case of mild 
hemophilia and one of severe hemophilia in 
the same family. 

The great variations that exist in the degree 
of thromboplastinogen deficiency are clearly 
shown in figure 1, a graph depicting the clot- 
ting times of 40 hemophiliacs. Values range 
from 8 minutes to 135 minutes. The normal or 
only slightly prolonged clotting times indi- 
cate a rather mild bleeding tendency. Even in 
the mild cases, the thromboplastinogen activ- 
ity time is short, as is the prothrombin con- 
sumption time in most instances. If it were 
not for these tests, the diagnosis of hemophilia 


384 





could not be made with any certainty. 

The constancy of degree of the hemophilic 
defect among affected members of a family is 
demonstrated clearly by the data in table 1. 
The brothers A.M. and L.M. have mild 
hemophilia. They would not have needed 
transfusions had it not been for extractions of 
teeth and tonsillectomy. They have not had 
hemarthroses, and they often are free of hem- 
orrhage for periods of several years. Their 
clotting times are only slightly above normal, 
and their prothrombin consumption times are 
almost normal. 

The brothers D. Z. and J. Z. are more se- 
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vere bleeders but still can be classified as mod- 
erate cases since they engage in most of the 
activities of normal boys. In contrast, the 
three brothers in the third family, J. G., E. G. 
and L. G., represent severe hemophilia. Char- 
acteristically, their prothrombin consumption 
time is 8 seconds, which signifies that the 
blood contains not more than a trace of throm- 
boplastinogen. 

One is often asked concerning the diagnosis 
of hemophilia in the absence of a hereditary 
history. Since the carrier does not bleed and 


lyophilized plasma. With these three meas- 
ures, we can prevent or thwart many hemor- 
rhages. All physicians should be alert to the 
prevention of massive hemorrhages that may 
cause gangrene. 

Although hemophilia is the most widely rec- 
ognized hereditary hemorrhagic disease and 
perhaps the most common, other bleeding con- 
ditions of congenital origin exist. To under- 
stand these diatheses, it is necessary to review 
briefly the present concept of coagulation. 
There is no theory that is accepted by every- 

















TABLE 1 
Data ILLUSTRATING THE CONSTANCY OF DecrEE OF HEMOPHILIA AMONG AFFECTED MEMBERS OF FAMILIES 
| | | | xq | PROTHROMBIN 7 ini 
ENT | rE ienyacariea a aaa : ean ae. 
PATIENT | (veqrs) | OF DISEASE | aan iia: mar wed | wo. | ( w 
| | | | | (MINUTES | (seconps) | SECONDS 
; ‘ } (oe 
A.M. | 42 Mild | 2 12 | 14 | 9 
L.M.| 34 | Mild | 4 [ on | 2 
D.Z. | 10 | Moderately | 10+ 1620 | 10% 9 
severe | 
JZ | 12 | Moderately | — 10+ | 16-18 10% 9 
| severe 
J.G. | 16 | Severe | 104 t+ $+ 80 8% 8% 
E.G. | 14 | Severe 10+ $444 | @& % | 8 
LG. | 10 | Severe 10+ $444 70 8Y% 8% 








can transmit the defect to her daughters, the 
hemophilic gene may pass through several 
generations without manifesting itself. Mer- 
skey presented an interesting family history: 
A hemophiliac had six daughters. All the 
daughters, except the oldest, had sons who 
were hemophilic. Hemophilia did not appear 
in the oldest daughter’s family until her great- 
grandson was born. If that hemophiliac would 
have had only one daughter, it is likely that 
by the time his great-great-grandson was born 
the family would no longer remember that the 
disease ever was in the family. 

In the treatment of hemophilia, the three 
best weapons we have at present are (1) ap- 
plication of cold to a fresh hemorrhage, (2) 
application of pressure and (3) use of fresh 
blood, fresh plasma, fresh frozen plasma or 
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one, but it is generally agreed that the first 
step in clotting is the generation of thrombo- 
plastin. For this to occur, at least three fac- 
tors must react; these we may designate (1) 
the platelet factor, (2) thromboplastinogen 
or antihemophilic globulin and (3) plasma 
thromboplastin component or Christmas fac- 
tor. The resulting thromboplastin reacts with 
prothrombin, but two additional agents are 
required to produce thrombin, namely, labile 
and stable factors. Without attempting to dis- 
cuss the coagulation mechanism, it is generally 
agreed that a normal one stage prothrombin 
time assures that prothrombin, labile and 
stable factors are normal, whereas a normal 
prothrombin consumption test is good evi- 
dence that the platelets, thromboplastinogen 
and plasma thromboplastin component are 
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ricgure 2. Pedigree of stable factor deficiency. The num- 
bers are the prothrombin times. 


fairly normal in amount and quality. 

The prothrombin time and the prothrombin 
consumption time are, therefore, valuable 
means by which to study the group of hemor- 
rhagic diseases that are congenital and_in- 
herited. Nine such diseases are now known, 
and very probably more will be found. The 
nine known diseases are: 

Congenital hemorrhagic diseases due to 
vascular dysfunction: 

lL. Telangiectasia 

2. Von Willebrand’s disease (pseudohemo- 
philia ) 

Congenital hemorrhagic diseases due to de- 
fect in coagulation: 

1. Lack of fibrinogen 

2. Lack of thromboplastin (hemophilia) 

3. Lack of plasma thromboplastin compo- 
nent (hemophilia B or Christmas disease ) 

4, Panhypoprothrombinemia (type I) 

5. Hypoprothrombinemia (type IT) 

6. Lack of labile factor (factor V deficiency 
or parahemophilia ) 

7. Lack of stable factor (factor VII de- 
ficiency or hypoproconvertinemia ) 

Telangiectasia and von Willebrand’s dis- 
ease, the two conditions believed to be caused 
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by vascular dysfunction, are not uncommon, 
In the Milwaukee area, to be sure, one sees 
few cases of telangiectasia, but we do know 
of several families with von Willebrand’s dis- 
ease, fortunately of relatively mild degree. The 
characteristic finding in von Willebrand’s dis- 
ease is a prolonged bleeding time. 

In considering the seven types of congenital 
hemorrhagic diseases in which a known de- 
fect in the coagulation mechanism can be es- 
tablished, it is interesting to note that, in ad- 
dition to true hemophilia, there is a second 
entity which closely simulates hemophilia both 
clinically and genetically. It differs in that the 
patient does not lack thromboplastinogen but 
another factor which Aggeler and associates 
have named plasma thromboplastin compo- 
nent or P.T.C. The few patients I have seen 
with this condition have what appears, from 
a clinical standpoint, to be moderately mild 
hemophilia. 

Rather than discuss each of the seven dis- 
eases, | will limit this presentation to a com- 
parison of two conditions which were not rec- 
ognized as separate entities until recently— 
congenital hypoprothrombinemia vera and 
stable factor deficiency. In both diseases the 
prothrombin time is prolonged, but the addi- 
tion of stable factor will make the test normal 
in stable factor deficiency but not in true 
hypoprothrombinemia. 

Hereditary stable factor deficiency is ge- 
netically most provocative, because the car- 
rier, i.e., the heterozygous individual, can be 
detected readily by means of the prothrombin 
time determination. The pedigree shown in 
figure 2 presents an interesting story. The 
prothrombin time of 70 seconds is that of a 
little girl who has a severe bleeding tendency. 
Note that her brother and both her father and 
her mother have prothrombin times of 14 sec- 
onds instead of the normal 12 seconds. The 
maternal grandfather also has a prothrombin 
time of 14 seconds, but the grandmother’s is 
12 seconds. Clearly, the grandfather is hetero- 
zygous and has transmitted the defect to his 
daughter. By pure coincidence, the mother of 
the little girl married a man who likewise is 
heterozygous for this particular defect. The 
little girl received the defective gene from 
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FIGURE 3. Pedigree of hypoprothrombinemia vera. 


both her father and her mother and so is 
homozygous for the defect. Her brother re- 
ceived one good and one defective gene and is 
therefore heterozygous as are his parents. The 
heterozygous individuals are entirely normal 
clinically, and were it not for the sensitive one 
stage prothrombin time determination, they 
could not be detected. 

The genetic picture is less obvious in true 
hypoprothrombinemia. The pedigree _ illus- 
trated in figure 3 tells its own story. Two 
brothers with prothrombin times of 20 sec- 
onds (actually they vary from 19 to 26 sec- 
onds) have a definite but fairly mild bleeding 
tendency. All other members of the family 
have normal prothrombin times. It is prob- 
able that both parents are heterozygous and 
that the two affected brothers received both 
defective genes. If so, it must be assumed that 
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the heterozygous individuals cannot be de- 
tected because existing tests are inadequate. 

From the data presented, one can find an 
explanation for the relative frequency of in- 
cidence of hemophilia and the relative rarity 
of other congenital hemorrhagic diseases such 
as hypoprothrombinemia. Every male who in- 
herits the defective hemophilic gene from the 
X chromosome will have the disease in its ac- 
tive form. All his daughters will transmit the 
disease to half their sons. In contrast, to in- 
herit a hypoprothrombinemic state an indi- 
vidual must receive the defective gene from 
both parents. Not only is this defect rare, but 
also there is only a remote possibility that 
two persons who are heterozygous to the de- 
fect will marry. Even if they do, only one of 
every four children born to them will be homo- 
zygous and therefore a bleeder. 
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Tue goal that moti- 
vates the research ac- 
tivities of our group 
has been the develop- 
ment of curative surgi- 
cal technics for the 
treatment of congenital 
heart disease. By cura- 
tive technics, as con. 
trasted with palliative, 
we mean technics that 
permit the anatomic 
correction of the defect or defects present so 
that the circulation becomes physiologically 
normal and thus the life expectancy also may 
be presumed to become normal. 

The main barrier to the attainment of this 
goal in recent years for many cardiac defects 
has been the lack of a reliable method for 
working within the open heart under direct 
vision for sufficient time to correct the pa- 
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thology present. The technic of controlled 
cross circulation has removed this barrier con- 
fronting cardiac surgeons and has made it 
possible to perform intracardiac corrective 
surgery under direct vision for defects here- 
tofore not operable. The method is relatively 
simple and applicable by any surgeon experi- 
enced in the technics of vascular surgery. 
Moreover, its very simplicity, together with 
its ready acceptance by patients and their par- 
ents alike, imposes on its applicants certain 
responsibilities. For example, the failure of 
surgeons to subject themselves to the disci- 
plines of some hours in the experimental lab- 
oratory, thereby familiarizing themselves with 
the mechanics of this method, will inevitably 
lead to unwarranted and unnecessary risks for 
both the donor and the patient. 

The only special equipment necessary for 
controlled cross circulation is a commercially 
manufactured, relatively inexpensive pump.** 
The pump unit consists of an electric motor 
coupled to a speed changer, the latter being 
connected to the pump itself (figure 1). 


**Sigma Motor, 3 North Main Street, Middleport, New York. 
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FIGURE 1. Method for direct-vision intracardiac surgery by means of controlled cross circulation. 
a. Patient, showing sites of arterial and venous cannulizations. 

b. Donor, showing sites of arterial (superficial femoral) and venous (great saphenous) cannulizations. 
c. The pump which controls the reciprocal exchange of blood between patient and donor. 


d. Close-up of the patient’s heart showing the vena caval catheter positioned so as to draw venous blood from both 
the superior and inferior venae cavae during the cardiac bypass interval. Note also the relative position of the vena 
caval tapes for securing inflow stasis during the intracardiac procedure. The arterial blood from the donor is circu- 
lated to the patient’s body via the catheter inserted into the right subclavian artery. 


This pump accurately controls the recipro- _ utes while a cardiotomy is performed and an 
cal transfer of blood between patient and intracardiac procedure carried out under di- 
donor. Metallic fingers massage the blood in ___ rect vision and in an unhurried manner. 

a unidirectional flow within the plastic tub- The quantity of blood which is circulated 


ing. During the interval of the patient’s total for safe support of the patient has been re- 
cardiac bypass, the pump circulates equal duced substantially below the basal or resting 
amounts of oxygenated blood from the donor’s _ cardiac output and is calculated for each case 
artery to the patient’s aorta and, at the same __ from the patient’s body weight and the azygos 


time, an exactly equal amount of venous blood _ flow experimental studies. Previously, it had 
from the patient’s venae cavae to the donor’s __ been steadfastly maintained that the minimal 
venous system. Thus the patient’s cardiac in- | amount of blood necessary for safe mainte- 
flow may be totally occluded for many min- _ nance of the vital centers of the body during 
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total cardiac bypass was the basal or resting 
cardiac output, which is in the neighborhood 
of 100 to 160 cc. per kilogram of body weight 
per minute. The azygos flow studies are the 
physiologic studies which constitute the basic 
foundation of this method for total cardiac 
bypass at a reduced flow, and undoubtedly 
these studies will constitute the basis for other 
methods of cardiac bypass that may be uti- 
lized in the future. 

These studies, performed in our laboratory 
by Dr. Morley Cohen’? and in England by 
Andreasen and Watson,* showed that dogs 
will uniformly survive long periods of com- 
plete vena caval occlusion provided only that 
the amount of blood flowing through their 
azygos vein is allowed to enter their hearts. 
These dogs uniformly survived vena caval oc- 
clusion for one-half hour without discernible 
sequelae, as long as this amount of blood en- 
tering through the azygos vein was allowed 
to enter the heart to be circulated to the rest 
of the body. Cohen' measured this azygos 
flow under these conditions of vena caval oc- 
clusion and found it to be only 8 to 14 cc. per 
kilogram of body weight per minute, or ap- 
proximately one-tenth of the so-called resting 
or basal cardiac output. This seemed to be a 
fantastically small amount of blood, but these 
experiments unequivocally demonstrated that 
dogs were safely maintained for periods of 
one-half hour or longer on this amount of 
blood flow. 

The major importance of these studies was 
that they altered the previously unchallenged 
but erroneous concept that it was necessary 
to circulate the basal cardiac output, or ap- 
proximately 100 to 160 cc. of blood per kilo- 
gram of body weight per minute, for safe sup- 
port of the vital centers during total cardiac 
bypass. Thus, this substantial reduction in the 
amount of blood necessary for safe perfusion 
has made simple and more practical methods 
of total cardiac bypass immediately feasible. 

A number of human operations have now 
been carried out by means of the cross circu- 
lation technic based on the azygos flow prin- 
ciple, and these azygos flow studies have been 
demonstrated to apply as well to humans. 

In humans we have utilized this method of 
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cardiac surgery for those cardiac lesions for 
which no other corrective operative proce- 
dures have been heretofore available, and 
also for patients who are distinctly in trouble 
from these lesions. The cardiac lesions that 
have been successfully corrected by the appli- 
cation of this technic to date are interventricu- 
lar septal defects, atrioventricularis communis, 
isolated infundibular pulmonic stenosis, and 
tetralogy of Fallot. 

In each of these defects the heart has been 
opened and the anatomic defect or defects 
have been corrected under direct vision, thus 
restoring the circulation to normal. All these 
patients have been operated on at normal body 
temperature. The use of hypothermia in the 
present state of our knowledge is contraindi- 
cated for operative work within the ventricle 
because of the adverse effects of lowered body 
temperature on cardiac conduction. 


Surgical Procedure 


I shall now show a short color film illus- 
trating the closure of a ventricular septal 
defect associated with pulmonary hyperten- 
sion in a two year old girl, utilizing the cross 
circulation technic with the patient’s mother 
serving as the donor. 

During the preliminary phases of the opera- 
tion a small, thin-walled plastic catheter (No. 
14 Fr. in this case) is inserted into the pa- 
tient’s right subclavian artery from within the 
chest so that the tip of the catheter lies in the 
ascending aorta (as shown in figure 1). The 
patient’s superior and inferior venae cavae 
are then cannulized by a similar-sized plastic 
catheter inserted through the internal jugular 
vein which has been exposed by a short supra- 
clavicular incision. The holes in this catheter 
are positioned so as to draw blood from both 
the superior and inferior venae cavae during 
the bypass period (figure 1). 

Concomitantly, another team of surgeons 
inserts similar-sized plastic catheters into the 
donor’s superficial femoral artery and saphe- 
nous vein, respectively, through a short inci- 
sion in the donor’s groin. It is important that 
the catheter be inserted far enough into the 
femoral artery in a retrograde direction so 
that its tip lies within the abdominal aorta. 
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In experiments on the dog, if this was not 
done, sometimes the wall of the artery col- 
lapsed around this catheter, thus effectively 
obstructing it. This complication cannot oc- 
cur if the catheter is positioned in the larger 
aorta. The donor’s saphenous vein is utilized 
for the venous cannulization because it is of 
ample size and, as you know, is an unimpor- 
tant vein and thus can be simply ligated at the 
conclusion of the procedure. The arteriotomy 
in the donor’s superficial femoral artery is, 
of course, always repaired with fine (6-0) silk 
when the operation is completed. 

Under sterile conditions, immediately be- 
fore linking the donor and patient together, 
the pump is given a final calibration test with 
sterile isotonic saline or glucose to make sure 
that it is pumping equal amounts in the two 
circuits. This safeguard is of obvious impor- 
tance to prevent a serious disproportion dur- 
ing reciprocal blood exchange. The quantity 
of blood to be circulated throughout the car- 
diac bypass interval is determined ahead of 
time based on the patient’s body weight and 
the azygos flow experimental studies. Fol- 
lowing the final calibration, the isotonic dex- 
trose is allowed to remain in the extracor- 
poreal tubing (thus no blood is needed to 
prime these extracorporeal circuits) and the 
patient and donor are linked together (as 
shown in figure 1) by the short lengths of 
plastic tubing. Since the amounts of blood 
exchanged are relatively small, the internal 
diameter of the extracorporeal plastic tubing 
and catheters may also be small, which, of 
course, makes the problem of inserting and 
removing these catheters much less difficult. 

During the bypass period the blood in 
the extracorporeal circuits does not leave the 
plastic tubing. This fact makes possible the 
use of relatively small amounts of heparin 
(0.7 mg. per pound of body weight). Like- 
wise, because fibrinogen and platelets are not 
removed due to trauma to the blood, difficul- 
ties due to postoperative bleeding have not 
been encountered. In fact, we no longer give 
either the patient or the donor protamine post- 
operatively. 

Sterility has not been a problem, because 
the plastic tubing in the extracorporeal cir- 
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cuit may be autoclaved and is disposed of after 
each perfusion. 

The circuits are now complete between the 
donor and the patient. The circulation of the 
blood is in equal amounts in opposite direc- 
tions. The pump is situated between the pa- 
tient and the donor, near the head of the table. 

A final check is given to make sure that 
the flow (visible through the transparent plas- 
tic tubing) is proceeding smoothly, and then 
the patient’s cardiac inflow is occluded com- 
pletely by the tapes previously placed around 
the superior and inferior venae cavae. 

Throughout the intracardiac procedure, 
the heart continues to beat at a slow, regular 
rate. We have not had serious difficulties with 
cardiac conduction, presumably because the 
body temperature is normal and because the 
heart is well supplied with oxygenated blood 
by its coronary flow. Those are the two essen- 
tials established in our experimental labora- 
tory that seem to be of the utmost importance 
for successful work within the ventricles, and 
particularly within the area of the ventricular 
septum. 

These patients have very large pulmonary 
arteries due to the marked increase in the 
blood flow through their lungs and the pul- 
monary hypertension that results. 

Two silk stay stitches are placed in the right 
ventricular muscle to act as retractors. The 
right ventricle is opened by a vertical incision 
paralleling the major branches of the coro- 
nary arteries. A blunt probe is inserted mere- 
ly to confirm the diagnosis. This probe passes 
abnormally into the aorta from the right ven- 
tricle, and that fact is verified by palpating 
the probe within the aorta before extending 
the right ventricular cardiotomy incision. 
Having confirmed the diagnosis, which has 
been made previously by cardiac catheteriza- 
tion and the other signs, the right ventricle is 
opened widely to gain the exposure that is 
necessary for closure of these defects. As many 
of you know, invariably these defects lie high 
in the ventricular septum up underneath the 
septal leaflet of the tricuspid valve, and in 
juxtaposition to the aortic leaflet of the mitral 
valve and the cusps of the aortic valve. 

The right ventricle is opened with some 
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care. Cutting the papillary muscles is not al- 
ways necessary, but in this particular case it 
was necessary to transect the anterior papil- 
lary muscle near its base in order to gain ade- 
quate exposure of the ventricular defect; this 
muscle, of course, is repaired by suture at the 
conclusion of the intracardiac procedure. No 
discernible harm has resulted from the tran- 
section and repair of the anterior papillary 
muscle. This maneuver has been necessary in 
about one-fourth of the cases. 

The coronary arterial flow can be seen 
squirting out from the cut edge of the myo- 
cardium. The maintenance of an adequate 
coronary flow is one of the reasons the heart 
reacts so well during the intracardiac proce- 
dure and conduction difficulties have been vir- 
tually nonexistent. 

Now the ventricular defect can be seen 
clearly. Interrupted silk stitches (3-0) are 
placed between the opposing edges of the de- 
fect. The heart continues to beat regularly 
throughout these manipulations. The lungs are 
completely collapsed and out of the surgeon’s 
way. The patient’s heart action, of course, is 
unimportant at this time and thus the heart 
can be displaced upward out of the chest. In 
this way excellent exposure is obtained for the 
precise placement of the silk stitches. There is 
a good coronary flow, in spite of the fact that 
we are pumping very reduced amounts of 
blood through the aorta. Actually, the heart 
during the total bypass is relieved of its pump- 
ing burden and is therefore doing very little 
work, and thus needs relatively little coronary 
flow under these conditions to keep the myo- 
cardium well oxygenated. As we have gained 
more and more experience in the human op- 
erations, we have continued to reduce the 
amount of blood circulated to the patient’s 
body during the total bypass interval so that 
at present 25 to 35 cc. per kilogram of body 
weight per minute is being utilized. It is quite 
possible that this quantity can be safely re- 
duced still further. 

The edges of the ventricular defect approxi- 
mate easily. Prostheses have no place, we feel, 
in the intracardiac closure of septal defects. 
When the heart is empty of blood, the tis- 
sues are so relaxed that the opposing mar- 
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gins of these defects literally fall together. 
Theoretical suggestions that prostheses would 
be needed to close these defects were derived, 
I believe, from false impressions gained from 
examining old, formalin-fixed specimens in 
pathology museums. Such specimens are val- 
ueless to the surgeon and, even worse, are ac- 
tually misleading because of their rigidity and 
distortion. The anatomy of these congenital 
cardiac defects can be learned best in the 
autopsy room in fresh in situ specimens. Simi- 
lar anatomic lessons learned at the operating 
table are often costly in terms of human life. 

Extreme haste is not necessary. There is 
ample time for the precise placement of the 
sutures necessary for correct closure. We have 
worked successfully for as long as 30 minutes 
within the human heart; in the dog we have 
actually kept the heart open as long as an hour 
and a half with complete recovery. 

These previously placed interrupted silk 
stitches are now tied and the defect is closed. 
The closure is now watertight. 

The heart continues to beat regularly 
throughout all of this suturing. We have not 
had difficulty so far due to ventricular fibril- 
lation during these intracardiac procedures. 

These stitches are now held up, inspected 
and individually cut. If there is any place that 
appears to need an additional stitch, one is 
placed before closing the cardiotomy. The 
amount of blood and fluid contained in the 
left ventricle gives an immediate indication 
as to whether or not the closure is complete 
and watertight. Next the papillary muscle, pre- 
viously transected to obtain exposure, is re- 
paired, and that, of course, is important to 
prevent tricuspid incompetence. It is better to 
cut the papillary muscle than to cut the indi- 
vidual chordae tendineae because of the ease 
of repair and better healing of the muscle. 

The papillary muscle having been reap- 
proximated, the cardiotomy is closed by a 
running silk stitch. Before starting to close this 
cardiotomy, the valve orifices are tested by 
finger exploration to make sure that none are 
compromised. As we start to close the right 
ventricular cardiotomy the coronary sinus ve- 
nous return is allowed to fill the right ventricle 
and displace the contained air. We merely suck 
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off the overflow of blood with the sucker. 
Now the anesthesiologist is starting to inflate 
the lungs again. The incision in the ventricle 
is closed with a running silk stitch (two lay- 
ers). These myocardial incisions have healed 
readily and rapidly in the experimental ani- 
mal and apparently also in the patient, since 
no complications have been experienced on 
this score. At the completion of the closure 
of the cardiotomy, the venae cavae are re- 
leased one at a time and the heart readily 
takes over its pumping burden once again. 
There is frequently a striking diminution in 
the size of this heart coincident with closing 
of the large ventricular shunt. 

Usually, four to five stitches are sufficient 
to close even very large ventricular defects; 
occasionally a few more are necessary. I think 
this film demonstrates why direct vision is so 
essential in closing these defects. Stitches can 
be placed correctly. Also, if the heart were not 
empty of blood, obviously the edges of the 
defect would not fall together readily. 

The blood that is sucked out from the in- 
side of the heart is not reutilized. It is usually 
highly hemolyzed after passing through the 
sucker and it is dangerous to give such blood 
back to the patient. This loss is replaced by 
transfusion of the patient with citrated blood 
through a peripheral vein in the manner usual 
for any surgical operation. 


There is usually enough blood coming back 
from the coronary sinus return to fill the left 
ventricle which lies in a dependent position. 
If the left side looks rather empty, we insert 
5 per cent glucose to fill it and displace the 
contained air before tying these stitches clos- 
ing the defect. This maneuver prevents any air 
from entering the aorta. It is pertinent to em- 
phasize that since there is a constant pressure 
in the aorta during perfusion which keeps the 
aortic valve leaflets closed, there is little if any 
danger of air embolism until the actual mo- 
ment the ventricular defect is closed. 


Results 


Ventricular septal defects—The results ob- 
tained to date with this procedure are pre- 
sented in table 1. Our largest experience has 
been with interventricular septal defects. Two 
of these 14 patients with successful closures 
have now been recatheterized by Dr. Paul 
Adams, our pediatric cardiologist, and their 
defects were found to be completely closed. 
These patients represent the first successful 
closures of ventricular septal defects in man. 

While the successful cases have been most 
gratifying, an analysis of our failures has 
been more instructive. The seven deaths oc- 
curred in the period of from 6 hours to 11 
days after surgery. None of these patients 
died in the operating room during the opera- 


TABLE 1 


Direct-Viston INTRACARDIAC CORRECTION OF CONGENITAL ANOMALIES 
BY CONTROLLED Cross CIRCULATION 





NUMBER OF PATIENTS 


DEFECT | DIRECT-VISION PROCEDURE DEATHS 


OPERATED ON 





Interventricular septal defect Suture closure of septal defect* 21 7 
Tetralogy of Fallot Suture closure of ventricular defect with 6 3 
resection of infundibular stenosis** 
Atrioventricularis communis Suture closure of both atrial and ventricular 2 1 
defects with correction of valvular 
deformity * ** 
Isolated infundibular pulmonic stenosis | Resection of infundibular muscle* *** 1 0 
*Two patients have been recatheterized; in both, their prior existing ***Has been recatheterized and no shunt remains. The preoperative 
shunts are completely closed. pulmonary pressure has fallen from a high of 90/50 mm. Hg to a 
postoperative value of 20/4 mm. Hg. 
**Femoral artery oxygen saturations in the three successful cases are: 
Case a: preoperative 80 per cent, postoperative 96 per cent. ***+Has been recatheterized and the preoperative right ventricular 
Case b: preoperative 25 per cent, postoperative 94 per cent. pressure of 136/0 mm. Hg was 25/0 mm. Hg four months post- 
Case c: preoperative 39 per cent, postoperative 95 per cent (complete operatively. 


atresia of the main pulmonary artery corrected). 
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tive procedure. Ventricular fibrillation did not 
develop in any of the cases, whether the results 
were successful or unsuccessful. These en- 
couraging observations are ample testimony 
to the fundamental physiologic soundness of 
this method. Respiratory complications (ate- 
lectasis, pneumonitis) have been the major 
problems, accounting for five of the seven 
deaths. These in part are a reflection of the 
pathologic physiology of ventricular septal 
defects which result in the occurrence of dis- 
tinctly abnormal lungs in which the pathologic 
alterations are not immediately reversible. 
Two other deaths were caused by technical 
errors which to some extent were related to 
the necessity for developing entirely new 
methods for exposing and achieving com- 
plete closure of these defects. 

The first patient to have a ventricular septal 
defect fully corrected is a Minneapolis girl 
who will be here in person in a few minutes. 
Preoperative roentgenograms of her lung fields 
disclosed intense pulmonary congestion. She 
was five years old and had had a rather 
stormy childhood, spending at one time 10 
continuous months in the Minneapolis Gen- 
eral Hospital because of pneumonia and car- 
diac failure. A striking change to normal is 
apparent on x-ray chest films made postopera- 
tively. Preoperative cardiac catheterization 
was performed when she was about one year 
of age (four years prior to her surgery). There 
was a marked jump in the oxygen content of 
the blood from the right atrium to the right 
ventricle, which is characteristic of a ven- 
tricular septal defect with a significant left-to- 
right shunt. Pulmonary hypertension was also 
marked, even at that age (60/40 mm. Hg). 
Catheterization performed four months post- 
operatively shows her defect to be completely 
closed. No shunt remains. Her previously 
present loud systolic murmur and thrill both 
disappeared following surgery. 

Atrioventricularis communis—In _ operat- 
ing on infants who are seriously crippled by 
large left-to-right shunts, one is almost cer- 
tain to encounter some patients with the even 
more serious defect of atrioventricularis com- 
munis. In this condition there occurs a de- 
ficiency of the lower portion of the atrial sep- 
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tum and the upper portion of the ventricular 
septum, resulting in a common defect which 
may allow all four chambers of the heart to 
communicate. Although the occurrence of 
concomitant valvular deformities, particularly 
of the mitral valve, has been emphasized in 
past pathologic descriptions of this lesion, ac- 
tually careful scrutiny in the autopsy room of 
fresh specimens has suggested to us that these 
valvular deformities are surprisingly minimal 
and do not constitute a significant barrier to 
completely corrective surgery done under di- 
rect vision. The valvular incompetence or re- 
gurgitation noted in these patients clinically 
is primarily due to the great cardiac dilata- 
tion present, which in turn is a consequence 
of their very large shunts. Thus, observations 
in the autopsy room in past years had con- 
vinced us that this defect was in many cases 
completely correctable provided one had a 
method for working inside the heart under 
direct vision for a sufficient length of time. 
Moreover, these studies indicated that the 
most feasible method for exposure and re- 
pair of this defect was by means of a right 
atrial cardiotomy. 

We have operated on two patients with this 
defect. In the first patient (a five month old 
infant) the nature of the defect was not rec- 
ognized until after the right ventricle had 
been opened. Repair was attempted from this 
approach, but the poor exposure resulted in 
the repair causing an intolerable stenosis of 
the aortic outflow tract. This first patient suc- 
cumbed. 

In the second patient with this defect. a 
seriously ill girl of 17 months, the correct diag- 
nosis was made and the defect approached 
from above through a right atrial cardiotomy. 
Exposure of the defect was excellent. The up- 
per edge of the ventricular septum was su- 
tured to the lower edge of the atrial septal 
defect with interrupted silk. Great care is nec- 
essary during this suturing to effect com- 
plete closure of both the atrial and ventricular 
components of the defect without compromis- 
ing the tricuspid or mitral valves. Because of 
the somewhat more complicated nature of this 
defect the intracardiac time required to effect 
this repair was 12% minutes. This patient has 
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been completely well clinically since surgical 
correction. Recently she was recatheterized 
by Dr. J. D. Keith, in Toronto, and he found 
her to have a normal circulation without a 
demonstrable shunt. The pulmonary artery 
pressure has fallen from a preoperative high 
of 90/50 mm. Hg to a postoperative level of 
20/4 mm. Hg. 

Isolated infundibular pulmonic stenosis— 
In this series of patients operated on by open 
cardiotomy, one child with an isolated in- 
fundibular pulmonic stenosis has been suc- 
cessfully treated. This five year old girl en- 
tered our hospital with bacterial endocarditis. 
Following successful clearing of the blood 
stream of bacteria, preoperative cardiac cath- 
eterization disclosed a right ventricular pres- 
sure of 136/0 mm. Hg. Four months after 
direct-vision resection of her infundibular 
stenosis, a recatheterization disclosed a nor- 
mal right ventricular pressure (25/0 mm. Hg). 

Tetralogy of Fallot—anatomic correction 
of defects—Following the abovementioned ex- 
perience with the method of controlled cross 
circulation for intracardiac surgery, we next 
turned to the problem of the anatomic cor- 
rection of the tetralogy of Fallot by closing 
the ventricular septal defect and resecting the 
infundibular stenosis under direct vision. The 
first patient so operated on, an 11 year old 
boy,* is also here this morning. 

This boy had been followed in our clinic 
since shortly after birth. Because he was get- 
ting along quite well until about two years 
ago, surgery was not advised in his early 
years in line with our policy of allowing as 
many of these children as possible to live into 
the era when completely curative surgery 
rather than palliative surgery would be pos- 
sible. In the months just preceding surgery, 
he experienced a progressive increase in dysp- 
nea associated with a progressive diminution 
in his exercise tolerance. 

The method of correction consists of suture 
closure of the interventricular septal defect 
and resection of the infundibular stenosis. By 
closing just the outer layer of this very thick 
right ventricular myocardium one achieves a 


*Operated on August 31, 1954. 
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very significant increase in the diameter of 
the pulmonary outflow tract added to that 
obtained by resecting the infundibular muscu- 
lar ridge. 

In this particular patient, the preoperative 
resting femoral artery oxygen saturation was 
80 per cent. Ten days postoperatively, just 
before discharge from the hospital, his femoral 
artery saturation was 96 per cent. He now has 
a normal heart and a normal circulation. 

These two patients, the girl who was the 
first patient to have a ventricular septal de- 
fect corrected and the 11 year old boy, the 
first to have his tetralogy of Fallot lesion 
anatomically corrected, have been kind enough 
to come here today. 

In these 30 operations utilizing cross cir- 
culation there has been no donor mortality. 
One serious donor complication occurred. 
During the bypass interval a mother devel- 
oped profound hypotension necessitating a 
thoracotomy with cardiac massage. She re- 
covered without sequelae and was discharged 
from the hospital in good condition eight days 
later. This complication was due to a severe 
disproportion in the reciprocal exchange of 
blood between donor and patient during the 
interval of the cardiac bypass and has been 
obviated in subsequent cases by the routine 
use of a venous reservoir between the patient 
and the pump in the venous circuit. This res- 
ervoir prevents the patient’s venae cavae from 
being sucked up against the catheters and thus 
obstructing them as occurred in the above- 
mentioned instance. One other complication 
occurred while a woman, who was not uti- 
lized as a donor, was being anesthetized with 
the intention of using her as a donor. Air was 
inadvertently introduced into the intravenous 
needle in her antecubital vein. The anesthesi- 
ologist promptly turned her on her left side 
as soon as the accident was recognized, and 
recovery occurred without further therapy. 
She was not connected to the pump and not 
utilized as a donor. Some neurologic sequelae 
were present from which she is recovering. 


Summary 


Much has been possible by this method of 


utilizing a donor circulation. Thirty human 
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operations, all involving open cardiotomy, 
have been performed since March 26, 1954 
utilizing the procedure of controlled cross cir- 
culation. 

Patients with ventricular septal defects, 
atrioventricularis communis, isolated infun- 
dibular stenosis, and tetralogy of Fallot have 
had their congenital heart defects completely 
corrected by open cardiotomy with anatomic 
correction of the defect or defects present, 
thus restoring their circulations to normal 
physiologically. 

The idea that relatively large quantities of 
blood flow are needed for safe maintenance of 
the vital organs during total cardiac bypass 
has been demonstrated to be erroneous. Total 
cardiac bypass at very reduced blood flows 
(at normal body temperature) based on the 
azygos flow experimental studies has been 
demonstrated to be perfectly safe in man. 

The vast simplification made feasible by 
this need for relatively small quantities of 
blood for perfusion during total cardiac by- 
pass is the physiologic basis of this method 
and the keystone of success in this field of 
open intracardiac surgery by means of total 
cardiac bypass. 

Experience has indicated that direct suture 
of septal defects is the simplest and most ef- 
fective method of closing these abnormal 
openings. 

Conduction difficulties have not been a 
serious problem in intracardiac procedures 
because of close attention to two factors im- 
portant for the well-being of the cardiac con- 
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duction system, namely, normal body tempera- 
ture and a well-oxygenated myocardium. It 
is emphasized that once the myocardium is 
relieved of its pumping burden, as occurs as 
soon as venous inflow stasis is effected, it 
may remain well oxygenated on a mere trickle 
of oxygenated coronary flow. 

Inevitably, improvements will be made in 
these methods and better methods will be de- 
veloped, but it is our opinion that the era of 
intracardiac correction of these defects is 
here to stay. As a result it is quite possible 
to envision corrective surgery for the vast 
majority of all congenital cardiac defects. The 
discouragement previously rampant in this 
field can be dismissed. 

Finally, | should like to emphasize that | 
am fortunate to be here today only as the 
spokesman for a superb group of colleagues 
who have made this work possible. I should 
like to express my gratitude to our pediatric 
associates, Dr. Paul Adams, Dr. Ray Ander- 
son and Dr. Paul Dwan; Dr. Newell Ziegler 
in the Blood Bank; and to my surgical col- 
leagues, Dr. Richard Varco, Dr. Morley Cohen 
and Dr. Herbert Warden. 
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GENERAL PRACTICE REVIEW 


Tue responsibility for 
treating patients with 
acute obstruction of 
the airway frequently 
rests with the nearest 
available physician. 
Thus, in an emergency 
he must be able to per- 
form a laryngotomy or 
tracheotomy. The pur- 
pose of this paper is to HAROLD F. 
discuss the common SCHUKNECHT 
conditions which cause 

acute asphyxia and to describe technics for 
restoring the airway. 


Foreign Bodies 


There is real danger of asphyxia when an 
inhaled foreign body is of proper size to lodge 
in the larynx or trachea. This accident is most 


*Associate Surgeon, Division of Otolaryngology, Henry Ford Hospital, 
Detroit, Michigan. 


May 1955 








The Management of Acute 
| Obstruction of the Airway 


HAROLD F. SCHUKNECHT* 


Henry Ford Hospital, Detroit 


common among children, who tend to place 
in the mouth small, slippery, spherical ob- 
jects, such as beans, buttons, or beads. Adults 
have been asphyxiated when food, such as 
a meat bolus, has lodged in the larynx during 
the act of swallowing. 

The symptoms of laryngeal foreign body 
are a gagging spell followed by the sensation 
of a lump in the throat, hoarseness, coughing, 
wheezing, dyspnea and cyanosis. If the pa- 
tient is in a fairly comfortable condition and 
is not anoxic, a laryngologist may be sum- 
moned to perform laryngoscopic removal. If 
the patient has suprasternal retraction, inspi- 
ratory effort and restlessness, laryngoscopic 
removal should not be attempted; immediate 
laryngotomy or tracheotomy should be per- 
formed. A general anesthetic should never be 
given when there is a partially obstructed air- 
way, for to remove voluntary respiratory effort 
may result in immediate asphyxia. 

I recall very vividly an incident in which 
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FIGURE 1. Autopsy specimen showing a navy bean im 
pacted in the larynx of a two year old child. 


a two year old boy inhaled a navy bean which 
lodged in his larynx. He had a sudden severe 
coughing and choking spell. He was taken to 
the fire station and given oxygen and then to 
a local hospital. He arrived at the hospital 
about 15 minutes after aspiration of the bean. 
The intern on emergency service noted that 
the child was cyanotic and had severe re- 
spiratory embarrassment. He recommended 
that the child be rushed to a second hospital 
for laryngoscopic removal of the foreign 
body. The child stopped breathing 10 min- 
utes later while en route to the second hos- 
pital. He was dead on arrival when I saw 
him there. In this case, the intern could have 
saved the child’s life by performing a laryn- 
gotomy or emergency tracheotomy (figure 1). 

Foreign bodies are less likely to lodge in 
the trachea, because objects which are small 
enough to pass the glottis usually will pro- 
ceed to one of the main bronchi, the right 
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more commonly than the left. Tracheal for- 
cign bodies cause coughing, asthmatic wheez- 
ing, dyspnea and sometimes an “audible slap” 
when the foreign body moves with respira- 
tion. There is no hoarseness. If the patient is 
not having acute respiratory distress and is 
not anoxic, there may be sufficient time to 
summon a laryngologist for bronchoscopic 
removal, If the patient is making an inspira- 
tory or expiratory effort, has suprasternal re- 
traction and is restless, a tracheotomy should 
be done immediately. The patient often ex- 
pels the foreign body as soon as the trachea 
is opened, 

If the foreign body is lodged in the lower 
trachea, it is sometimes possible to introduce 
a long narrow instrument into the tracheotomy 
opening and to push the object into one of 
the main bronchi, after which an_ orderly 
bronchoscopic removal can be performed. 
Laryngotomy is not adequate to remove a 
tracheal foreign body as it is not always pos- 
sible to remove it through the laryngotomy 
opening. 

Bronchial foreign bodies initially cause 
coughing. Later there may be a partial or 
complete atelectasis of the lung or part of it 
with such symptoms as cough, fever, malaise 
and slight dyspnea. Prolonged foreign body 
impaction causes suppuration, sweats, fever, 
foul expectoration, cough, dyspnea, chills and 
sometimes hemoptysis. The symptoms will 
vary with the size and location of the foreign 
body. Bronchial foreign bodies do not cause 
acute asphyxia unless they are multiple, so 
that there is interference with the function of 
both lungs. The most common accident of this 
type is due to aspiration of stomach contents 
during general anesthesia. During inspiration 
a large portion of the bronchial tree may be- 
come impacted with food particles so that 
pulmonary ventilation immediately becomes 
inadequate to sustain life. This accident can 
be avoided by making certain that the stom- 
ach is empty before administering general 
anesthesia. The best treatment, when such a 
condition occurs, is immediate postural drain- 
age by placing the patient’s tracheobronchial 
tree in as nearly a downward vertical position 
as is practical. It is not enough merely to hang 
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the patient’s head over the edge of the table. 
A bronchoscopy may then be performed to 
remove remaining debris. A tracheotomy is 
usually of little therapeutic value. 


Laryngotracheobronchitis 


This condition usually follows a head cold 
and is an acute infection of the lower respira- 
tory tract. It occurs predominantly in young 
children. The symptoms are hoarseness, 
croupy cough, stridor, dyspnea, restlessness, 
fever, cyanosis and prostration. Obstruction 
of the airway is caused by edema of the mu- 
cosal lining of the larynx, trachea and bronchi 
and by thick tenacious secretion. The patient 
may be unable to rid the respiratory tract of 
this tenacious material and literally drowns 
in his own secretions. Hemolytic streptococcus 
is usually the offending organism. Asphyxia 
may occur unless treatment is instituted very 
promptly. 

Oxygen should be administered in a tent in 
the early stages of laryngotracheobronchitis. 
However, the physician must not be lulled 
into a false sense of security, for anoxia may 
persist in spite of the use of the oxygen tent. 
If allowed to continue in an anoxic state, 
the patient may lose all chance of recovery. 
When the signs of obstructive dyspnea are 
clearly present (inspiratory effort, supraster- 
nal and intercostal retraction, restlessness), a 
tracheotomy should be done, followed by re- 
peated catheter aspirations. One should not 
wait for cyanosis, for at this late stage the 
central nervous system already has been dam- 
aged. If the patient’s condition gets worse, in 
spite of tracheal aspiration, a bronchoscopy 
should be done. A plug, clot or crust will often 
be found in one or more of the large bronchi. 
The inspired air should be humidified to pre- 
vent further drying of the tracheobronchial 
tree secretions. To facilitate removal of tena- 
cious mucus a few drops of sterile, warm, nor- 
mal saline solution can be dropped into the 
tracheotomy tube, followed by catheter as- 
piration. Other therapeutic measures include 
maintaining an adequate fluid balance and 
administering antibacterial drugs in doses 
adequate to maintain effective blood levels 
until the patient is afebrile and out of danger. 
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Trauma to Larynx 


Crushing blows to the anterior aspect of the 
neck may cause contusion, laceration or frac- 
ture of the larynx. If the larynx is crushed as- 
phyxia may occur immediately. In some in- 
stances progressive respiratory embarrassment 
may ensue within a few minutes because of 
submucosal hemorrhage. Laryngeal edema or 
submucosal emphysema may occlude the lar- 
ynx after an hour or more. Symptoms of ob- 
structive laryngeal dyspnea are hoarseness, 
inspiratory effort, suprasternal and intercostal 
retraction and restlessness. As in other forms 
of obstruction, cyanosis is a late and serious 
sign. Palpation will usually reveal the pres- 
ence or absence of fracture and subcutaneous 
emphysema. The patient with laryngeal trau- 
ma should be watched closely for several hours 
for signs of obstruction. If dyspnea occurs 
tracheotomy should be done immediately. An- 
tibacterial drugs should be given to prevent 
or control complicating infections. 

When the laryngeal cartilages are fractured 
or crushed, the preservation of a satisfactory 
airway and voice depends on prompt treat- 
ment with endolaryngeal obturators. These 
serve as internal splints to maintain the lumen 
of the larynx until it heals. A laryngologist 
should be consulted to institute this treatment 
during the first hours following injury. 


Secretional Obstruction of 
Respiratory Tract 


A number of conditions are complicated by 
the patient’s inability to rid his respiratory 
tract of secretions—inability to cough, swal- 
low and expectorate. In these cases mucoid 
secretion from the nose, mouth and pharynx 
forms a pool in the hypopharynx and spills 
over into the larynx on inspiration. Thus, the 
tracheobronchial tree is flooded with secretion 
from the upper respiratory tract. This results 
in anoxia and carbon dioxide accumulation. 
Secretional obstruction may occur in bulbar 
poliomyelitis, tetanus, barbiturate poisoning, 
diphtheria, inhalation of poisonous gases, my- 
asthenia gravis, head injury and following 
thoracic and neurologic surgery. These pa- 
tients are dyspneic and have bronchial rales. 
Restlessness is an early symptom; later come 


399 


, 
j 
% 
ii 
iy 








depression, confusion and lethargy. Cyanosis 
must be considered a late sign of anoxia and 
action should be taken before it develops. 

Bronchoscopic aspiration results in’ tem- 
porary relief. The same results sometimes can 
be obtained by aspirating the trachea with a 
rubber catheter introduced through the nos- 
tril. Definitive treatment for this type of ob- 
struction is tracheotomy. The decision as to 
whether or not it should be done is some- 
times difficult to make. A safe rule to follow 
is to perform the tracheotomy when there are 
early signs of anoxia. 


Other Forms of Asphyxia 


Reflex closure of the glottis can result in 
serious respiratory embarrassment, a condi- 
tion termed laryngospasm. This occurs, for 
example, during light intravenous thiopental 
(PENTOTHAL®) 
this drug does not completely abolish the 
pharyngeal and glottic reflexes. When this 
drug is used on patients undergoing oral or 


sodium anesthesia, because 


pharyngeal surgery, or on patients with in- 
flammatory lesions about the oropharynx, a 
topical anesthetic agent should first be applied 
to the pharyngeal and laryngeal membranes. 

Respiratory obstruction may result from 
bilateral abductor vocal cord paralysis be- 
cause of injury to the recurrent laryngeal 
nerves during thyroid surgery. If respiratory 
embarrassment and inspiratory stridor occur 
following thyroid surgery, a tracheotomy 
should be done. 

Hanging, garrotting, and manual compres- 
sion of the larynx are forms of acute asphyxia 
over which the physician has little control. If 
respiratory obstruction is relieved soon enough 
such patients may recover with or without 
brain damage. These patients should be watch- 
ed closely for signs of respiratory embarrass- 
ment, because progressive edema can result 
in respiratory obstruction which requires a 
tracheotomy. 

Drowning is a form of secretional obstruc- 
tion of the respiratory tract. Those rescued 
require immediate postural drainage and arti- 
ficial respiration. 

Some of the other conditions for which | 
have been called on to perform emergency 
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tracheotomy include postoperative hematoma 
of the floor of the mouth, penicillin reaction 
which caused the membranes of the throat 
and larynx to swell, angioneurotic edema, car- 
cinoma of the thyroid gland, cyst of the ary- 
epiglottic fold in an infant, carcinoma of the 
larynx, swelling of the tongue from radiation 
therapy, and swelling following surgery for 
oral carcinoma. 


Management of Impending Asphyxia 


Not all patients with acute respiratory dis- 
tress and anoxia have an obstructed airway, 
as these symptoms also may result from acute 
cardiac failure, pulmonary edema or infarct, 
asthma, spontaneous pneumothorax and pneu- 
monia. Obstruction of the upper respiratory 
tract usually can be differentiated easily from 
these conditions, but dyspnea resulting from 
a pathologic condition in the lower respira- 
tory tract sometimes presents a difficult diag- 
nostic problem. 

When the physician is confronted with the 
management of a partially obstructed airway, 
he must evaluate quickly the degree of respira- 
tory embarrassment, for on this decision he 
must base his course of action. Definitive treat- 
ment usually consists of opening the airway 
below the level of the vocal cords. The physi- 
cian must select one of three surgical proce- 
dures—laryngotomy, emergency tracheotomy 
or orderly tracheotomy—based on his esti- 
mate of how much time he is justified in using 
to re-establish the airway. 

Laryngotomy—This technic creates an 
emergency airway within a few seconds. The 
method is preferred when anoxia is severe 
and brain damage or death is imminent (fig- 
ure 2). A vertical incision is made in the mid- 
line through the skin and the subcutaneous 
tissues extending from the laryngeal protu- 
herance to a point below the cricoid cartilage. 
The wound is held open by retracting the skin 
with the fingers and a transverse incision is 
made through the cricothyroid membrane to 
open the larynx just below the vocal cords. A 
tracheotomy tube can be inserted, or, if one is 
not available, the incision in the cricothyroid 
membrane may be held open by inserting the 
knife or similar flat object. The patient is then 
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FIGURE 2. Laryngotomy. This technic opens the larynx through the cricothyroid membrane. 


removed immediately to an operating room, 
an orderly tracheotomy is performed, and the 
laryngotomy incision is closed. 

It is essential to discontinue use of the lar- 
yngotomy opening as soon as practical, be- 
cause prolonged trauma and inflammation in 
the region of the cricoid cartilage can cause 
perichondritis and cicatricial laryngeal steno- 
sis. For this reason the cricoid cartilage should 
not be injured when performing a laryngoto- 
my. However, when antibiotic drugs are given, 
severe lacerations of the cricoid cartilage usu- 
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ally heal without complication, so that fear of 
injuring the cartilage should not be a deter- 
rent. No anesthesia is used. 

Emergency tracheotomy — When respira- 
tory obstruction is too severe to allow time 
for an orderly tracheotomy, and when the 
physician believes the patient can safely sur- 
vive an existing anoxic state for at least two 
or three minutes without brain damage, an 
emergency tracheotomy should be done. An 
unskilled surgeon usually is able to perform 
an emergency tracheotomy on an adult patient 
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FIGURE 3. Emergency tracheotomy. The procedure is performed without anesthesia and with whatever instruments 
are available. 
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in two or three minutes (figure 3). 

It is somewhat more difficult to perform 
the operation on a patient with a short thick 
neck because of the increased thickness of 
the soft tissues overlying the trachea. It is still 
more difficult to do a quick tracheotomy on 
an infant having respiratory distress. The la- 
ryngeal and tracheal cartilages of the infant 
are soft and compressible, so that manipula- 
tion of soft tissues in the neck tends to in- 
crease the respiratory obstruction, and, fur- 
thermore, the soft trachea of the infant is 
dificult to identify by palpation. 

An incision is made in the skin and sub- 
cutaneous tissues from the cricoid cartilage 
downward almost to the suprasternal notch. 
The index finger of the left hand is placed on 
the cricoid cartilage. A small transverse inci- 
sion, large enough to admit the finger, is made 
immediately beneath the cricoid cartilage 
through the layer of middle cervical fascia. 
The finger is pushed downward onto the an- 
terior surface of the trachea and used as guide 
for further dissection. If the dissection is kept 
in the midline, bleeding will be mainly from 
venous channels and not difficult to control. 
When possible, bleeding vessels should be 
grasped with hemostats. If hemostats are not 
available the operation should continue, al- 
lowing the cut vessels to bleed until after the 
airway has been established. With firm pres- 
sure it is usually possible to push the thyroid 
isthmus downward to expose the upper three 
tracheal rings. The knife blade is introduced 
into the wound alongside the index finger, and 
a vertical slit is made in the second and third 
tracheal cartilages. Vision is not adequate to 
permit the operator to cut a round opening 
in the trachea as is done in the orderly trache- 
otomy. A hemostat or similar instrument is 
introduced into the tracheal incision to hold 
it open until a tracheotomy tube can be in- 
serted. Bleeding is then controlled. Skin clo- 
sures should not be made tight around the 
tracheotomy tube; to do so can lead to em- 
physema of the neck should the tracheotomy 
tube become partially obstructed. 

Orderly tracheotomy—An orderly trache- 
otomy is done with sterile instruments in a 
room equipped for surgery. Skin antiseptic 
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is applied to the neck and upper part of the 
chest. The tissues overlying the trachea are in- 
filtrated with a local anesthetic agent. A verti- 
cal or horizontal incision is made through the 
skin and subcutaneous tissues. In the adult 
the incision should be 14% to 2% in. long. 
The veins which cross the midline in the deep 
subcutaneous fascia are cut and tied. The thy- 
roid isthmus is exposed as it lies in a layer of 
middle cervical fascia anterior to the second 
and third tracheal rings. This fascia is in- 
cised below the thyroid isthmus, and the isth- 
mus is then retracted upward to expose the 
second, third and fourth tracheal rings. If the 
isthmus is large and cannot be retracted ade- 
quately it is clamped, bisected, tied and re- 
tracted laterally. While an assistant maintains 
retraction of the soft tissues, the operator 
makes a round opening in the trachea in the 
region of the second, third or fourth tracheal 
rings. This opening must be large enough to 
admit a tracheotomy tube of adequate size. A 
round opening is made, rather than a slit, so 
that if the tracheotomy tube comes out acci- 
dentally it can be replaced more easily. Firm 
knots should be tied in the strings holding the 
tracheotomy tube in place (figure 4). 


Tracheotomy Care 


Tracheotomy care consists of preventing 
crusting in the trachea by maintaining high 
humidity of the inspired air, aspirating secre- 
tions from the trachea, cleaning the inner tra- 
cheotomy tube as needed, and changing the 
dressings. The following routine is generally 
satisfactory: 

1. The patient should be in a private room; 
the windows and doors should be closed; and 
the air should be humidified with one or two 
humidifiers. Cold humidification is preferable 
to steam. 

2. Aspirate secretions from the tracheoto- 
my tube every one, two or three hours, as 
needed to keep the patient’s airway free of 
secretion. Aspiration is most satisfactorily ac- 
complished with a motor suction pump at the 
bedside. A soft urethral catheter with the end 
cut off and without holes in the side of the 
tube is most satisfactory to remove secretions 


(figure 5). 
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FIcuRE 4, Orderly tracheotomy. The thyroid isthmus is retracted upward or bisected, and a round opening is cut 
into the trachea in the region of the second, third or fourth tracheal cartilages. 


3. Crusting in the trachea is apt to occur 
as a result of the drying effect of room air 
entering the trachea directly. A physician 
must visit the patient three or four times a 
day for the first week to perform tracheal 
aspiration. Expiratory effort or wheezing sug- 
gests the presence of crusts in the trachea. 
These crusts are commonly located either at 
the lower end of the tracheotomy tube or at 
the tracheal bifurcation and can usually be 
removed by introducing 3 or 4 cc. of warm 
sterile saline solution into the trachea followed 
by aspiration. This procedure is then repeated 
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until the airway is entirely clear. 

4. Place clean dressings around the trache- 
otomy tube once or twice a day as needed. 

5. Patients having tracheotomy openings 
either should have special nursing care or be 
placed near the nursing station so that they 
can be kept under constant surveillance. This 
is absolutely imperative for infants and for 
children. 

6. For several days the inner tracheotomy 
tube should be removed every three hours, 
thoroughly cleansed in warm running tap wa- 
ter, and immediately replaced. Small brushes 
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FIGURE 5. The tracheotomy tube must be of proper length and diameter and kept clear of obstructing secretions. 


or swabs are adequate for cleaning. Do not 
remove the outer tracheotomy tube from the 
operative wound for three or four days. 

7. Do not remove the tracheotomy tube 
permanently until it has been established that 
the airway is restored. As a test, cork the tra- 
cheotomy tube for a 24 hour period. 


Conclusions 


All physicians should be familiar with sur- 
gical procedures for restoring the airway of 
patients with respiratory obstruction. When 
anoxia is severe and brain damage and death 
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are imminent, a laryngotomy is performed; 
by this method the airway can be restored in 
a few seconds. When respiratory obstruction 
is too severe to allow for an orderly trache- 
otomy, but the patient can safely survive the 
anoxic state for a few minutes, an emergency 
tracheotomy is done without anesthesia and 
with whatever instruments are available. When 
there is only moderate respiratory embarrass- 
ment there usually is time to perform an or- 
derly tracheotomy using local anesthesia, 
sterile instruments and a room equipped for 


surgery. 
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Variations in Serum Gamma Globulin 


CARL C. FISCHER* 


Hahnemann Medical College and Hospital, Philadelphia 


BDurine the past dec- 
ade, increasing atten- 
tion has been paid to 
the possible relation- 
ship between varia- 
tions in the concentra- 
tion of gamma globulin 
in the blood serum and 
disease states. In 1945, 
Schick and Green- 
baum! reported a case 
in which edema was 
associated with hypoproteinemia due to a con- 
genital defect of protein formation. In 1946, 
Krebs* reported a decrease in the gamma 
globulin of the plasma in a case of hypopro- 
teinemia due to malnutrition. The patient in 
this case was a 15 year old girl. A high pro- 
tein diet caused the value for the gamma glob- 
ulin of the plasma to increase almost to nor- 
mal. It remained for Bruton,* however, in 
1952, to first describe agammaglobulinemia 
as a definite clinical entity. He reported a case 
in which an eight year old boy had had numer- 
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ous episodes of sepsis associated with a con- 
sistent absence of gamma globulin in the 
blood. The infection did not recur after gam- 
ma globulin was injected intramuscularly at 
intervals of one month. A few months later, 
Bruton, Apt, Gitlin and Janeway’ reported 
two more cases in which the clinical picture 
was similar to that in the case previously re- 
ported by Bruton.* 

In the following year, Janeway, Apt and 
Gitlin’ reviewed nine similar cases and dis- 
cussed the question as to whether agamma- 
globulinemia is a congenital or an acquired 
defect of the antibody-forming tissues. In 
1954, Lang, Schettler and Wildhack® of Ger- 
many reported a somewhat similar case in 
which the patient was a 29 year old woman, 
and, in the same month, Moncke’ of Ger- 
many reported a case in which the patient 
was a 16 year old boy. Prasad and Koza’ re- 
ported a case in which the patient was a 30 
year old woman. In this case, the infections 
did not start until the patient was 26 years 
old, which suggested that the agammaglob- 
ulinemia was acquired rather than congenital. 

At the annual meeting of the American 
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Pediatric Society in 1954, Janeway and his 
associates,” in dealing with this subject from a 
slightly different viewpoint, reported five cases 
in which children had splenomegaly, hepato- 
megaly, generalized lymphadenopathy and a 
marked elevation of the concentration of se- 
rum gamma globulin. All of the children had 
had severe, recurrent, local infections. They 
apparently were able to produce antibodies in 
response to antigenic stimulation, but were 
unusually susceptible to infections of the skin 
and respiratory tract despite the high con- 
centration of serum gamma globulin. Jane- 
way and his associates said that these cases 
presented an immunologic paradox, particu- 
larly since the clinical picture of agamma- 
globulinemia as described by Bruton’ and 
other authors was present in several cases. 

In discussing the paper by Janeway and his 
associates, Good'’ reported seven cases in 
which hypergammaglobulinemia was associ- 
ated with extreme susceptibility to infection. 
He said that this condition might be a dys- 
gammaglobulinemia associated with the for- 
mation of abnormal antibodies or incomplete 
antibodies, and that it also is possible that 
the tremendous hypergammaglobulinemia rep- 
resents a rather specifically directed immu- 
nologic response which might result in inhi- 
bition of the development of other immune 
bodies. In discussing the same paper, Kelley” 
reported three cases which were similar to 
those reported by Janeway and his associates. 
Washburn,'* who also discussed this paper, 
suggested that the frequent and continued use 
of antibiotics might have some relation to the 
clinical picture in these cases. 

Three months later, Hayles, Stickler and 
McKenzie" reported three cases in which the 
patients were observed at the Mayo Clinic. 
These cases were similar to the one reported 
by Bruton.* One of the three patients died 
while undergoing treatment, one continued to 
have frequent infections in spite of the admin- 
istration of gamma globulin, and one was 
maintained in good health by monthly injec- 
tions of gamma globulin. 

Another contribution to this subject, which 
is of considerable interest, was made by Laski, 
Sass-Korstak and Hillman‘ at the annual 
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meeting of the Society for Pediatric Research 
in 1954. They reported a case of cyclic neu- 
tropenia and agammaglobulinemia in which 
the patient was a seven year old boy, and they 
raised the question as to whether there might 
possibly be a relationship between these two 
conditions. In December 1954, Zinneman, 
Hall and Heller’’ reported three cases of ac- 
quired agammaglobulinemia in which the pa- 
tients were adults who had had a normal 
childhood but had had recurrent respiratory 
infections in adult life. In one of the cases, 
intramuscular administration of pooled human 
gamma globulin failed to protect the patient 
from recurrent pneumonia, but antibiotic ther- 
apy was followed by a prompt clinical re- 
sponse. 

This brief review of recently reported cases 
in which the concentration of gamma globulin 
in the blood was disturbed indicates the need 
for further study of this subject and suggests 
that several different pathologic conditions 
might be present in cases in which the normal 
concentration of serum gamma globulin is 
altered. 

Because of the increasing significance that 
is being attached to this condition, and be- 
cause of the need for a quantitative method 
for the determination of gamma globulin that 
will be more generally available than the 
standard electrophoretic method and that will 
require less blood, Dr. Carl Alper and his as- 
sociates in the Division of Biochemistry of 
Hahnemann Medical College are working on 
an adaptation of a micromethod for deter- 
mination of plasma proteins by means of a 
precipitin reaction which was described by 
Chow, Hall, Duffy and Alper’® in 1948. If this 
work should prove successful, it should be 
helpful in determining the role of congenital 
and acquired agammaglobulinemia and the 
possible effects of hypergammaglobulinemia, 
which perhaps should more correctly be called 
dysgammaglobulinemia. 

At present, the most satisfactory method of 
treatment in cases in which agammaglobu- 
linemia occurs in children and is associated 
with repeated infections and lack of evidence 
of antibody response would seem to be the 
continued intramuscular injection of 0.1 gm. 
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of gamma globulin per kilogram of body 
weight at intervals of one month. 

I shall report a case of agammaglobulinemia 
which is very similar to the original case re- 
ported by Bruton.* 


Case Report 


A five year old white boy was admitted to 
Dr. EK. O. Geckeler’s orthopedic service be- 
cause of swelling of the right knee. 

He had been born at full term, and the 
mother’s pregnancy, her fourth, had been nor- 
mal. His delivery had been normal, and he 
had weighed 6 lb., 10 oz. at birth. Jaundice 
had occurred on the fifth day after delivery, 
and it had been followed by impetigo neo- 
natorum. Although the impetigo had recur- 
red several times during the first year, his 
growth and development had been normal. 
He had had pertussis at the age of one year. 
At the age of three years, he had had an in- 
fection of the left knee which had been fol- 
lowed by septicemia. He had had mumps at 
the age of four years, and pneumonia had oc- 
curred in the following year. 

Intermittent pain and swelling in the right 
knee had been present for almost a year, and 
pain and swelling in the left hand and elbow 
had occurred several times in the past year. 
He also had had recurrent respiratory infec- 
tions. There had been some clinical evidence 
of respiratory allergy, and various allergens 
had produced strongly positive cutaneous re- 
actions. 

When the patient was admitted to the hos- 
pital, his temperature was normal. He was well 
nourished and quite alert. Examination re- 
vealed definite swelling of the right knee, par- 
ticularly above the patella, which was only 
slightly painful. The only other abnormalities 
disclosed by physical examination were a pale, 
hoggy congestion of the nares and a retracted, 
slightly inflamed left eardrum. 

A synovectomy was performed. An exacer- 
bation of the infection of the upper part of 
the respiratory tract occurred postoperatively 
and required antibiotic and antihistaminic 
therapy. Otherwise, his convalescence was 
uneventful. 

It is interesting to note that the blood count 
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revealed neutropenia, which also was present 
in some of the cases which have been re- 
ported previously. The erythrocyte count was 
4,000,000 and the leukocyte count was 5200, 
The value for the hemoglobin was 12.4 gm. 
per LOO ce. of blood. The results of a differ- 
ential leukocyte count were as follows: non- 
segmented neutrophils (band cells) 2 per cent, 
segmented neutrophils 29 per cent, eosinophils 
2 per cent, lymphocytes 51 per cent, and 
monocytes 16 per cent. 

A few days later, the erythrocyte count was 
1,480,000, the leukocyte count was 6700, and 
the platelet count was 240,000. The value for 
the hemoglobin was 14.8 gm. per 100 cc. of 
blood. The percentage of the reticulocytes 
was 0.2. As determined with the hematocrit, 
the cell volume per cent of the erythrocytes 
was 49, The mean corpuscular volume was 
100 cubic microns, and the mean corpuscular 
hemoglobin concentration was 30 per cent. 
The distribution of the leukocytes was as fol- 
lows: nonsegmented neutrophils 3 per cent, 
segmented neutrophils 7 per cent, eosinophils 
5 per cent, basophils 3 per cent, normal 
lymphocytes 45 per cent, atypical lympho- 
cytes 22 per cent, and monocytes 15 per cent. 
This differential count revealed neutropenia, 
eosinophilia, basophilia and monocytosis. 

Examination of smears of the sternal bone 
marrow revealed a shift of the myeloid ele- 
ments to the left and erythropoiesis which was 
normoblastic in character. Otherwise, the ap- 
pearance of the smears of the bone marrow 
was the same as the appearance of the smears 
of the peripheral blood. 

Analysis of the plasma by biuret method 
revealed the following values for the proteins: 
total protein 6.3 gm., albumin 3.6 gm., and 
globulin 2.7 gm., per 100 cc. of blood re- 
spectively. The results of electrophoretic anal- 
ysis were as follows: albumin 4.9 gm., alpha 
L globulin 0.33 gm., alpha 2 globulin 0.87 
gm., beta globulin 0.67 gm., and fibrinogen 
0.58 gm., per 100 cc. of plasma respectively. 
This method of analysis did not reveal any 
gamma globulin. 

The patient’s blood was type 0, and the 
result of a Schick test was slightly positive. 

In view of the hematologic findings, it was 
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recommended that 2 gm. (12.5 cc.) of gamma 
globulin be given intramuscularly every four 
to six weeks, and that the dose be reduced 
gradually if clinical improvement should oc- 
cur within four to six months. 

The patient has been quite well since he 
was dismissed from the hospital, and he has 
been almost free of the repeated respiratory 
infections which had occurred before the ad- 
ministration of gamma globulin was started. 
It is interesting to note that both his mother 
and sister had German measles after he re- 
turned home but that he did not. 


Summary 


This paper is based on a review of the liter- 
ature on alterations of the concentration of 
gamma globulin in the blood and on the re- 
port of a case of agammaglobulinemia in 
which improvement apparently followed the 
intramuscular injection of gamma globulin at 
monthly intervals. There is need for further 
study of the relationship of alteration of the 
concentration of serum gamma globulin and 
disease states. If a micromethod for the deter- 
mination of plasma proteins by means of a 
precipitin reaction can be adapted to the quan- 
titative determination of gamma globulin, it 


should be particularly useful in studying this 
problem in infants and children. 
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American CoLLece or Cuest Puysicians: Annual meet- 
ing at the Ambassador Hotel, Atlantic City, June 1-5. 
The program will include talks on diseases of the heart 
and lungs, symposia, round-table discussions, diagnos- 
tic-treatment conferences, motion pictures and fireside 
conferences, a new feature. Additional information may 
be obtained from Executive Offices, American College of 
Chest Physicians, 112 East Chestnut Street, Chicago 11. 
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University oF Minnesota, MINNEAPOLIS: Continuation 
course in surgery for general surgeons, May 26-28, at 
the Center for Continuation Study, under the direction 
of Dr. Owen H. Wangensteen, Professor and Chairman, 
Department of Surgery. Professor Ian Aird of the Uni- 
versity of London Postgraduate Medical School will be 
a guest speaker and deliver the annual E. Starr Judd 
Lecture May 26. 
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Diagnosis of Asthma 
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Tue diagnosis of asth- 
ma in infancy is not 
always easy. As one 
goes through the in- 
fant ward in a general 
hospital one frequently 
sees a baby who has 
been admitted because 
of wheezing and dysp- 
nea. If the baby has { 
been in the hospital for WILLIAM P. BUFFUM 
24 hours, the tempera- 

ture may have dropped and the dyspnea may 
have subsided, but some musical rales still 
may be present in the chest. How does one 
decide whether the baby has asthma? 

In this paper, the term asthma is used to 
indicate not a symptom or a syndrome but 
a definite disease. This is characterized by 
wheezing and dyspnea due to partial occlu- 
sion of the bronchi caused by edema, secre- 
tion and spasm. This bronchial occlusion is 
the result of an allergic reaction which is often 
called atopy, or it is caused by infection 
which acts in a manner which is not as yet 
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clearly understood. As a matter of fact, most 
attacks of asthma in infancy occur as a result 
of infection, and the allergic or atopic reac- 
tion is frequently not evident at first. 

Wheezing and dyspnea may be caused by 
other pathologic conditions, such as a foreign 
body in a bronchus, a congenital anomaly of 
the respiratory tract or a lymph node press- 
ing on a bronchus. The respiratory difficulty 
caused by these conditions should not be called 
asthma. 

In infancy, as in childhood, the diagnosis 
of asthma should, if possible, be based on 
three criteria. The first of these criteria is that 
the infant should have recurrent wheezing. 
By wheezing is meant bronchial dyspnea with 
prolonged expiration and musical sounds or 
musical rales. Asthmatic babies do not always 
have typical asthmatic breathing; sometimes, 
there is simply noisy, difficult breathing in 
which the musical expiration, if present, is 
drowned out by the loud gurgling of the tra- 
cheal mucus. The wheezing should also be re- 
current. Wheezing which occurs only once 
may be due to simple bronchitis. Wheezing 
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which persists all the time without much 
change day or night over a period of months 
is not recurrent wheezing, and needs careful 
study. It may be due to asthma, or it may be 
caused by some other condition. 

The second criterion for the diagnosis of 
asthma is that the infant should be demon- 
strably allergic, that is, there should be defi- 
nite evidence that the infant has some reaction 
of the type that is associated with so-called 
allergic diseases. This criterion is fulfilled by 
the presence of an increased number of eosino- 
phils in a bronchial smear, by the demonstra- 
tion that the asthma is due to some inhalant 
or food, and by a positive result of a skin test 
for allergy. The result of the skin test should 
not be considered positive unless the zone of 
reaction is large enough to indicate the pres- 
ence of a definite allergic reaction. 

This criterion is also fulfilled by the pres- 
ence of eczema of the atopic type and by the 
presence of allergic rhinitis recognizable clini- 
cally or by the demonstration of eosinophils 
in a nasal smear. Other evidence which is in- 
teresting but not conclusive includes a family 
history of allergy, a past history of severe 
colic, vomiting or pylorospasm, and an eosino- 
philia of more than 4 per cent. This evidence 
supports a provisional diagnosis of allergy. 

The third criterion is that the infant should 
not have any other disease that might cause 
wheezing. In any case in which the presence 
of asthma is suspected, a roentgenogram of 
the thorax should be made to rule out the 
possible presence of such pathologic condi- 
tions as pneumonitis, tuberculosis, a foreign 
body in a bronchus and congenital heart dis- 
ease, which also can cause wheezing. In cases 
in which a foreign body is present in a bron- 
chus, there usually is a history of sudden on- 
set of coughing, physical examination usually 
will disclose localized signs in one side of 
the chest, and roentgenographic examination 
probably will reveal either a foreign body or 
localized atelectasis. 

If the infant wheezes continuously without 
any periods of complete freedom, and, if re- 
lief is not obtained by treatment, a thorough 
investigation should be made. A search for a 
congenital anomaly of the larynx or trachea 
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should be made by roentgenographic exami- 
nation with a contrast medium and by bron- 
choscopy. Roentgenograms of the esophagus 
and trachea which are made after the inges- 
tion of barium or after the instillation of 
LIPIODOL® usually will reveal any malforma- 
tion of the blood vessels, especially an arterial 
ring around the trachea. 

If diarrhea or malnutrition suggests the 
possible presence of pancreatic fibrosis, the 
stools and the duodenal contents should be 
examined for trypsin. 

In many cases in which wheezing occurs 
in infants, some of the evidence necessary 
for a diagnosis of asthma is lacking. In some 
cases, the wheezing is not characteristic. More 
often, however, the difficulty in making the 
diagnosis is from inability to demonstrate the 
allergic state. In most cases, the infants do 
not have eczema. It is not common to find 
many eosinophils in a nasal or bronchial 
smear obtained from a baby. The results of 
skin tests, especially tests done by the scratch 
method, are more often than not entirely nega- 
tive, and, in the few cases in which the results 
are positive, the reaction often is too small to 
be definitely significant. The etiologic role of 
inhalants or foods occasionally can be demon- 
strated, but this cannot be done immediately. 
One may be faced with the necessity of mak- 
ing a provisional diagnosis, and working out 
a definite diagnosis over a period of weeks or 
months. 

On the basis of the provisional diagnosis, 
certain measures should be taken. Dust should 
be eliminated from the baby’s environment 
as much as is practicable, especially in the 
bedroom. The diet should be restricted tem- 
porarily to foods such as evaporated milk, 
barley and rice cereals, vegetables, cooked 
fruits, beef and lamb, which are least likely 
to cause allergic reactions. Vitamins C and 
D should be administered. It is probably best 
to start injections of house dust and mixed 
catarrhal vaccine, and one should be sure 
that the doses are not large enough to in- 
crease the symptoms. Sometimes, it is neces- 
sary to dilute the vaccine 1:1000 and the 
house dust 1:100,000. 

Allergy to some food may be demonstrated 
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by dietary manipulation. After eliminating 
the food from the diet for two weeks or more, 
feeding this food may cause a definite in- 
crease in symptoms. Any such discovery dem- 
onstrates the presence of an allergic reaction 
and also is a guide to treatment. Clearing of 
symptoms on change of residence or environ- 
ment, with increase of symptoms on returning 
home, is definite evidence of an allergic reac- 
tion, as is increased wheezing on close exposure 
to a dog, stuffed furniture or a living room 
rug. If another set of skin tests is performed 
a few months later, the result may be defi- 
nitely positive. Even if no other evidence is 
found, recurrent attacks of wheezing with com- 
plete clearing between times may occur in 
such a manner that the diagnosis of asthma 
is permissible. 

The treatment given the baby after a pro- 
visional diagnosis has been made is first di- 
rected toward relief of the attack. After this 
is accomplished, a long-term treatment pro- 
gram is planned. If, as is frequently the case, 
there are no leads as to the causative factor 
except for respiratory infection, a standard 
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treatment procedure then may be instituted, 

This long-term treatment may include pro- 
tection of the baby from dust, the use of a 
relatively nonallergenic diet, and the injec- 
tion of house dust and vaccine. Under this 
routine, it is not uncommon for the baby to 
improve rapidly and either have no more 
wheezing or else have attacks in diminishing 
frequency and severity until within weeks or 
months they cease to occur. 

Other babies, usually the ones that have 
the more severe and frequent attacks, and 
especially those that have a demonstrable 
allergy and react positively to skin tests, 
tend to be difficult to treat. They may get 
rapidly worse if neglected, and may improve 
very slowly even under the best treatment. 

In general, it can be said that in cases in 
which wheezing occurs in infants it either 
fails to recur or the diagnosis becomes clear 
in a relatively short time, the period depend- 
ing on the frequency and severity of the 
symptoms. The more frequent and _ severe 
the symptoms, the more easily can the diag- 
nosis be established. 





35. VALUABLE THERAPY 


Spectacles, false teeth, and hearing-aids may be slightly comic, but 
they have probably done more for human happiness than any other appli- 
cation of medical science. Orthopaedic and manipulative surgery, including 
such things as the repair of hernias, the treatment of haemorrhoids, and the 


various ways in which a gynaecologist can rescue a middle-aged woman from 
chronic invalidism—all these have been of incalculable benefit. In much the 


same category are the developments in traumatic and plastic surgery which | 
made it possible to say in 1945 that any wounded soldier reaching hospital 
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| alive had an 80 per cent chance of survival and almost as good a chance of 
being capable eventually of earning his own living. 


MacF. Burnet, Lancet, January 1953, pp. 104-108 
ee 
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Clinical Significance of Rising 
Incidence of Infections Due to 


Gram-Negative Bacilli 


ELLARD M. YOW* 


Baylor University College of Medicine, Houston 


Tue fundamental mi- 
crobiologists have ob- 
served the variability 
of bacterial popula- 
tions in response to en- 
vironmental changes 
since before the era of 
medical bacteriology. 
The relationship of this 
property of microor- 
ganisms to animal and 
human infections was 
studied by epidemiologists, and many clinical 
observations have been explained by this 
phenomenon. 

The increase in virulence of bacteria on 
serial animal passage and during epidemics 
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is partially related to the elimination from 
the population of those individual organisms 
most susceptible to the antibodies produced 
by the host and to the survival and multiplica- 
tion of those more resistant to the general and 
specific defense mechanisms. The carrier state 
associated with Salmonella infections, diph- 
theria and scarlet fever results from the abil- 
ity of the host and parasite to adapt to a satis- 
factory coexistence. 

The adaptability of bacteria to growth in 
the presence of various drugs which previ- 
ously had been toxic was recognized early. In 
1907 Ehrlich observed that, by repeated ex- 
posure, trypanosomes could be made resistant 
to the dye fuchsin. The same observation was 
made in relationship to arsenicals and try- 
panosomes and later to arsenicals and spiro- 
chetes. The development of resistant strains 
of gonococci and hemolytic streptococci soon 
limited the usefulness of the sulfonamides in 
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treating infections due to these organisms. 
During the past decade, strains of bacteria re- 
sistant to all the antibiotics used clinically 
have gradually increased.* 

The mechanism by which microorganisms 
adapt to life and reproduction while maintain- 
ing their virulence in an environment which 
previously was fatal for their predecessors is 
a complex one. The geneticists offer the theory 
of the selective survival of naturally occur- 
ring variants resistant to the suppressive or 
toxic effect of the antibacterial substance. 
This theory affords an explanation of what 
undoubtedly is an important factor in the 
evolution of antibiotic-resistant strains of bac- 
teria, but it does not explain all the mecha- 
nisms concerned in this problem. Strains of 
bacteria resistant to antibiotics occur in na- 
ture prior to any exposure to these substances 
in the laboratory or in the patient. This is due 
to an inherent trait and is passed on to the 
progeny of the parent strains. Most resistant 
strains encountered in clinical practice prob- 
ably fall into this group, which increases in 
number as antibiotics are used more widely 
and the sensitive strains are eliminated. 

More transient forms of adaptation occur 
as microorganisms are exposed to unfavorable 
environmental conditions. These are not due 
to permanent mutations, and antibiotic-resist- 
ant strains of this type may become sensitive 
again when they are allowed to grow in the 
absence of the antibiotic. This adaptation is 
related to other factors of bacterial variability 
such as the ability of bacteria to substitute 
enzyme systems and nutritional requirements, 
to alterations in the permeability of bacte- 
rial cells, and to the ability to adjust to the 
changes of pH, salt concentrations, and tem- 
perature.” 

Bacteria differ strikingly from higher or- 
ganisms in their adaptability. The organiza- 
tion of the bacterial cell is less rigidly defined, 
and a wider range of variability remains com- 
patible with the orderly growth and metabo- 
lism essential to the maintenance of life. Even 
among different species of bacteria, however, 
there is considerable variation in the facility 
with which they are able to adjust to life in 
an unfavorable environment. Mycobacterium 
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tuberculosis may be exposed to streptomycin 
for a month before resistance becomes a sig- 
nificant problem. On the other hand, strepto- 
mycin-resistant strains of Escherichia coli may 
appear within a week after beginning strepto- 
mycin therapy. The rapidity with which a 
bacterial species becomes resistant to an anti- 
biotic is related to many factors, including its 
rate of multiplication, the simplicity of its 
metabolic and possibly genetic processes, and 
the type of mutations occurring in relation- 
ship to the particular antibiotic. 

Some bacterial species are sensitive to the 
inhibitory effect of very small concentrations 
of certain antibiotics, and resistant strains do 
not occur in nature. Gonococci, pneumococ- 
ci, and hemolytic streptococci are extreme- 
ly sensitive to penicillin, for example, and 
naturally occurring penicillin-resistant strains 
of these organisms have not been observed. 
Likewise, their adaptation to growth in higher 
concentrations of the antibiotic has not been 
a problem in treating patients. Staphylococci 
and the gram-negative rods are less fastidious 
in their growth requirements. They multiply 
more rapidly and are relatively resistant to 
most antibiotics. Naturally occurring resistant 
strains of these organisms are frequently en- 
countered, and sensitive strains adapt readily 
to growth in gradually increasing antibiotic 
concentrations in vitro as well as in man. 

It would not be surprising, then, if gram- 
negative rods should become more prominent 
as more antibiotics are introduced and widely 
used, Evidence obtained from routine reports 
of hospital bacteriology laboratories supports 
this prediction. Esch. coli, Aerobacter aero- 
genes, Proteus vulgaris and Pseudomonas 
aeruginosa are recovered more frequently from 
patients than the gram-positive organisms 
such as Corynebacterium diphtheriae, hemo- 
lytic streptococci, and pneumococci. Staphylo- 
cocci stand out as an example of a gram-posi- 
tive coccus which adapts rapidly to changes 
in environment and behaves similarly to the 
gram-negative bacilli in its relationship to anti- 
biotic resistance.* 

The clinical problems related to the ability 
of gram-negative organisms to survive and 
multiply in the presence of antibiotics are 
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mainly: (1) the increasing frequency of the 
infections due to gram-negative bacilli and 
(2) the increasing difficulty in managing in- 
fections due to antibiotic-resistant strains. The 
relative increase in frequency of infections 
due to gram-negative rods is largely due to 
the effective control of most infections due to 
gram-positive and gram-negative cocci and the 
spread of organisms not responding to anti- 
biotics. There is evidence, however, that in 
rare instances infections caused by gram-nega- 
tive bacilli may develop when normally oc- 
curring bacterial antagonists are suppressed 
by antibiotic therapy. 

Infections due to resistant strains of gram- 
negative bacilli are especially likely to appear 
in patients who for some reason have a de- 
crease in their ability to withstand the inva- 
sion of infectious agents. This general lack of 
resistance to infection is often seen in mal- 
nourished patients, alcoholics, and patients 
with blood dyscrasias, diabetes, chronic liver 
disease or other debilitating conditions. What 
one might call a decrease in local resistance 
to infections also predisposes to the develop- 
ment of resistant infections. Obvious examples 
of this are the infections associated with inter- 
ference with drainage of the urinary tract, 
gallbladder, salivary glands, prostate or other 
secretory glands. Resistant infections may de- 
velop in the presence of foreign bodies, walled- 
off cavities or nonviable tissues because of 
their lack of blood supply and their inaccessi- 
bility to adequate antibiotic concentration. 

The use of antibiotics prophylactically for 
long periods or at frequent intervals may pre- 
dispose to the development of resistant infec- 
tion due to gram-negative rods. This is par- 
ticularly a problem in patients who also have 
a decreased resistance to infection or in whom 
the normal flora of the body is drastically al- 
tered by the administration of combinations of 
antibiotics. For example, patients with bron- 
chiectasis, cystic disease of the lung, open 
burns, or obstructive urinary tract disease al- 
most always eventually develop infections due 
to P. vulgaris, Ps. aeruginosa or A. aerogenes 
if one administers antibiotics for long periods 
without correcting the underlying anatomic 
or immunologic disorders. 
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Other less frequent but extremely interest- 
ing clinical problems are associated with this 
property of bacterial variability and its rela- 
tionship to antibiotic therapy. Microorganisms 
which are normally nonpathogenic or of low 
virulence have been shown to produce evidence 
of progressive infection during antibiotic ther- 
apy.* Pseudomonas pneumonia, for example, 
may develop while a patient is being treated 
for pneumococcal pneumonia. Bacteremias due 
to P. vuigaris, Ps. aeruginosa, A. aerogenes 
and Klebsiella pneumoniae complicate anti- 
biotic therapy.” Recently a patient was ob- 
served in whom a metastatic brain abscess 
developed due to Esch. coli during penicillin 
therapy for chronic bronchiectasis. 

Two apparently new clinical syndromes 
have been observed in recent years that seem 
to be directly caused by alterations in the 
normal bacterial antagonistic interrelationship 
associated with the administration of potent 
antimicrobic substances. Staphylococcal en- 
terocolitis occurring during therapy with 
AUREOMYCIN® or TERRAMYCIN® is now gener- 
ally accepted as being a specific syndrome.** 
We have observed a clinical picture similar to 
this localized to the pharynx developing dur- 
ing antibiotic therapy. A thin white membrane 
can be seen on the pharyngeal wall which on 
laboratory examination is found to be largely 
colonies of staphylococci. 

Some of the well-recognized infections due 
to gram-negative bacilli not only have been 
seen more often in recent years but also have 
appeared under somewhat different circum- 
stances. Friedlander’s pneumonia, for exam- 
ple, used to be seen almost entirely in very 
old or debilitated patients. We have observed 
a case in which fatal pneumonia due to 
K. pneumoniae developed in an otherwise 
healthy 30 year old housewife. A recent report 
from the Philadelphia General Hospital indi- 
cated a rapid rise in the frequency of pul- 
monary infection due to K. pneumoniae, from 
two cases in 1942 to 24 during the winter of 
1952 and 1953.° It is of interest that over half 
of these patients were in the middle age group 
of from 40 to 59 years. 

The most common infections due to gram- 
negative bacilli, of course, are infections of 
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the intestinal and urinary tracts and their 
complications. However, one should suspect 
the possibility of gram-negative bacilli as an 
etiologic factor if there is evidence of pro- 
gressive infection developing during antibi- 
otic therapy or of persistent infection after 
the prolonged or repeated administration of 
antibiotics. 

Pneumonia due to gram-negative bacilli 
shows signs and symptoms similar to those 
seen in Friedlander’s pneumonia. The clinical 
evidence of pneumonia as manifested by rales, 
tachypnea, anoxia, fever and tachycardia is 
frequently out of proportion to the x-ray find- 
ings. The tenacious quality of the sputum re- 
sults in narrowing of the bronchiolar spaces 
with loud, sonorous rales, often heard pre- 
dominantly during the expiratory phase of 
respiration. The sputum in Pseudomonas pneu- 
monia may, like that of Friedlander’s, con- 
tain old and fresh blood. If there is sufficient 
cerebral anoxia or if the patient is extremely 
weak, he may cough little and produce little 
or no sputum. 

The invasion of the blood stream by coli- 
form organisms has been reported with in- 
creasing frequency and often produces severe 
illness. The patient may have a hard shaking 
chill and high fever and may exhibit periph- 
eral circulatory collapse due to the rapid 
release of potent endotoxin into the blood 
stream.'® Metastatic abscesses may result and 
the disease often terminates fatally. 

The most common source of gram-negative 
bacteremia is the urinary tract. Transient in- 
vasion of the blood stream occurs in a very 
high percentage of patients having instrumen- 
tation, and in some of these the bacteremia is 
persistent. Infections of the genital tract and 
gallbladder and operations on the gastroin- 
testinal tract may be complicated by infection 
of the blood stream. 

Some species of gram-negative rods, par- 
ticularly Pseudomonas, are capable of actual- 
ly multiplying at refrigerator temperatures. 
Contamination by these organisms of solu- 
tions stored at low temperatures may result in 
serious infections when the solutions are in- 
jected into patients. Recent reports have called 
attention to the problem of contamination of 
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stored blood.'':'* A severe and sometimes 
fatal pyrogenic reaction often results when 
this blood is given to a patient. Contamination 
of distilled water, saline or other diluents used 
in administering local anesthetics, antibiotics, 
enzymes or hormones has resulted in infec. 
tions of the subcutaneous tissue, subarachnoid 
space, pleural cavity, eye and blood stream. 

Prevention of infections due to gram-nega- 
tive bacilli is obviously an extremely impor- 
tant factor in their management because of 
the difficulty in successfully treating the in- 
fections once they develop. The general ad- 
monition to avoid the indiscriminate use of 
antibiotics in mild and self-limited diseases is 
a good one, but because of its generality it 
serves as little more than a text for a sermon. 
More specifically, antibiotics should be used 
only when there is a definite indication and 
then in good therapeutic doses for a period 
recommended in the particular disease and 
pathologic process being treated. 

Uncertainties in diagnoses resulting from 
inadequate study of the patient usually lead 
to compromises in treatment, sometimes a 
rapid rotation of antibiotics, and often a less 
than optimum dosage for fear of producing 
side effects more troublesome than the original 
illness. Superimposed infections develop rare- 
ly during carefully planned antimicrobic ther- 
apy except in occasional patients with basic 
alterations in their defense mechanisms. 

Adaptability of gram-negative bacilli to 
growth in the presence of antibiotics and the 
failure of many of them to stimulate an effec- 
tive antibiotic response make the management 
of infections due to these organisms often 
quite difficult. The careful testing of the sen- 
sitivity of the coli-aerogenes, Proteus and 
Pseudomonas groups of organisms to the vari- 
ous antibiotics in the laboratory is particular- 
ly important because of their marked strain 
variation (table 1). 

Streptomycin is usually the most effective 
antibiotic against infections due to sensitive 
strains of gram-negative bacilli because of 
its rapid bactericidal effect. Unfortunately, 
many strains are naturally resistant to strep- 
tomycin and, unless some other antibiotic is 
used simultaneously, sensitive strains often be- 
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come resistant during therapy. The dose of 
streptomycin recommended for the treatment 
of tuberculosis is frequently inadequate for 
optimum effect in serious acute infections due 


as troublesome paresthesias and pain on injec- 
tion often lead one to reserve its use for seri- 
ous infections failing to respond to other meas- 
ures. The exaggeration of its harmful effects, 


TABLE 1 


INFECTIONS DuE TO GRAM-NEGATIVE BACILLI 
(Other than Salmonella and Shigella) 





MICROORGANISMS 


Coliform bacteria (Esch. coli and A. 


Urinary tract 


aerogenes) | Appendicitis 
| Peritonitis 
Biliary tract 
Bacteremia 
Proteus | Urinary tract 


Ear, mastoid sinus 


Meningitis 
Blood stream 





INFECTIONS 





Skin and subcutaneous tissue 


TREATMENT 








Sensitivity tests important 
Sulfonamides 
Streptomycin 
Tetracyclines 
Chloramphenicol 
Polymyxin 

Neomycin 





Large doses of sulfonamides 
Streptomycin 

| Neomycin 
Tetracyclines 


Chloramphenicol and penicillin 





Ps. aeruginosa (Bacillus pyocyaneus) Urinary tract 


Ear, mastoid sinus 


Skin (gangrene) 


Eye 
Meningitis 
Blood stream 


Friedlander’s bacillus (Klebsiella) 
Peritonitis 
Urinary tract 


Lung (pneumonia and abscess) 


Polymyxin B 
Tetracyclines 
Neomycin 

Streptomycin 
Sulfonamides 


Streptomycin and tetracycline 
or chloramphenicol 
Sulfonamides 


Ear and sinuses 


Meningitis 





to gram-negative bacilli. One should not hesi- 
tate to administer 3 to 6 gm. a day, divided 
into four to eight hourly doses. 

Many of these infections will respond to the 
tetracycline analogues and chloramphenicol. 
Cross-resistance between the tetracyclines is 
common, so if the infection fails to respond to 
one it is not likely to respond to another. 

Polymyxin B is the drug of choice in Ps. 
aeruginosa infections, and many strains of 
other gram-negative bacilli are quite sensi- 
tive to this antibiotic. The narrow range be- 
tween the therapeutic and toxic doses as well 
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however, has probably delayed its administra- 
tion to some patients for whom it may have 
been lifesaving if used earlier. 

Neomycin is probably the most consistently 
inhibitory antibiotic against Proteus organ- 
isms in vitro,’* and it often exerts a favorable 
influence when administered to patients with 
infection due to these and other gram-nega- 
tive bacilli. Its use, however, is associated with 
the hazard of damage to the kidneys and ir- 
reversible deafness. 

The sulfonamides often have a suppressive 
effect in infections caused by gram-negative 
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bacilli, but they should be given in large 
loses in serious systemic infection and usually 
along with one of the antibioties. It is ex 
tremely difficult to evaluate the comparative 
effectiveness of various sulfonamides, but oun 
experience suggests that this is related pri 
marily to the blood level attained. The solu 
ble sulfonamides can be given in large doses 
with less danger of precipitation in the renal 
tubules. Because of their increased solubility, 
however, they are excreted more rapidly and 
larger doses are often necessary to maintain 
optimum tissue concentration, 

lew, if any, strains of gram-negative bacilli 
are sensitive to bacitracin, erythromycin ot 
CARBOMYCIN®, but an occasional strain is sen 
sitive to high concentrations of penicillin. 

In our experience, the most effective ther 
apy in systemic infection due to gram-nega- 
tive bacilli has been administration of large 
doses of streptomycin in combination with one 
of the tetracycline analogues or chlorampheni 
col, Because of the need for rapid suppressive 
effect, both should be given parenterally, the 
streptomycin intramuscularly or intravenously 
and the broad-spectrum antibiotic intravenous- 
ly. The particular broad-spectrum antibiotic 
should be selected prior to the results of the 
in vitro tests on the basis of clinical evidence 
suggesting sensitivity or resistance. It is gen- 
erally wise to avoid any antibiotic that has 
been administered to the patient previously 
during the same illness unless there is definite 
clinical evidence of its effectiveness. If the in 
vitro tests reveal the strain to be resistant to 
all the broad-spectrum antibiotics, polymyx- 
in, neomycin or large doses of sulfonamides 
should be administered, 

Finally, infections due to gram-negative 
bacilli usually do not develop because of the 
invasion of virulent strains of gram-negative 
bacilli. Rather, they result from some altera- 
tion in the natural defenses against infections. 
It is therefore especially important to add 
whatever supportive therapy may be indicated 
to aid the host in defending itself against the 
infection, In patients with minor superinfec- 
tions resulting from antibiotic therapy, sim- 
ply withdrawing the antibiotics may be suff- 
cient to allow normal antagonistic organisms 
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to revive. In other more serious infections, 
antibacterial therapy directed at the imme- 
diate suppression of the invading organism 
becomes necessary. Correction of obstruction 
to the urinary tract or other secreling organs 
or glands is necessary before infection can 
be permanently cured. Regulation of diabetes, 
correction of anemia, and maintenance of ade- 
quate nutrition and fluids are all important 
considerations in the management of infec- 
tions due to gram-negative bacilli. 


Summary 


Because of the ability of gram-negative 
bacilli to adapt more readily to growth in 
the presence of antimicrobic substances, they 
have become relatively more frequent as fae- 
tors in the causation of disease. This increase 
is due largely to the effective control of most 
infections due to gram-positive organisms, 
though in some instances infections have de- 
veloped as the result of the suppression of 
normal bacterial antagonists by antibiotic 
therapy. It therefore becomes important for 
the clinician to be more alert to the possibility 
of infections of this type. 

Infections due to the coliform, Proteus and 
Pseudomonas groups are more likely to be 
encountered if antibiotics are administered 
prophylactically for long periods or at fre- 
quent intervals, or if combinations or single 
antibiotics with extremely broad spectra are 
given. Patients are particularly susceptible to 
these relatively nonpathogenic organisms if 
there is some basic alteration in their ability 
to withstand the invasion of infectious agents. 

The most common infections due to gram- 
negative bacilli, as in the past, are the infec- 
tions of the genitourinary and intestinal tracts 
and their complications. Other infections rare- 
ly encountered previously, such as pneumonia, 
meningitis, bacteremias and wound infections, 
are seen more frequently. The establishment 
of precise diagnoses and the careful planning 
of specific antibiotic therapy are important 
factors in preventing and correcting these in- 
fections. Antibiotic sensitivity tests are most 
important because of the strain variation in 
sensitivity of this group of organisms. 

In minor infections due to gram-negative 
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bacilli, sulfonamides in adequate doses are 
often suflicient to control the infection. In 
more severe infections, large doses of strepto- 
mycin plus one of the tetracyclines or chlor- 
amphenicol should be administered until an- 
tibiotic sensitivity tests are performed. 

In infections due to gram-negative bacilli it 
is especially important to correct any under- 
lying anatomic and immunologic disorders. 
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36. UNEXPECTED DEATH IN ASTHMA 


Occurrence of a fatal result in status asthmaticus does not come as a_ | 
surprise or shock to the relatives or to the doctor, because the patient is | 
gravely and increasingly ill over a period of hours or days. During the past 
few years, however, it has become apparent to the writer that there is a | 
small number of asthmatic patients who die quite suddenly in an attack | 
which does not differ in any respect from the attacks of asthma to which 
these patients are accustomed. This condition is completely different from | 
that which is termed status asthmaticus. It is essential to realize the possi- | 
bility of such an event, for unexpected death in what appears to be a per- 
fectly innocent condition, is liable to come as a great shock to the relatives, 
particularly if they have been assured that asthma is not a fatal complaint. 
From the scientific point of view, it is necessary for the fact to be placed 
on record that spasmodic asthma, in itself, is a possible cause of death. Un- | 
less this fact is recognized, the medical attendant may be tempted to postu- 
late some additional condition which is known to cause sudden death, such 
as coronary thrombosis, in order to explain the occurrence, but there is no | 
evidence which would suggest that asthmatic subjects are prone to develop | 
coronary disease. . . . The clinical picture in each case [is] that of sudden 
failure of respiration, for which no plausible explanation can be advanced. | 


J. Maxwell, Diseases of the Chest, February 1955, p. 208 
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B was told as a child 
that no soul was saved 
in a sermon of more 
than 15 minutes. But 
the choice of a sermon 
for an oceasion like 
this has always placed 
me in a quandary. 
That it would be a sub- 
ject of professional in- 
would 
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superfluous in the 
framework of your ex- 
cellent program. On the other hand, to select 
a topic dealing with one of the controversial 
although political aspects of our practice 
would be most presumptuous for one coming 
from without your country. Therefore, after 
much deliberation, | decided to deal briefly 
with a subject which should be of interest to 
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us both as physicians and as citizens. In fact, 
it concerns a field in which we would be high- 
ly competent to guide and to advise. 

lor many years | have felt that the medical 
profession, by and large, has by default per- 
mitted others to usurp its place in certain 
realms of planning within our society (1 use 
the word “society” meaning society at large). 
We can look with pride at the accomplish- 
ments of our public health departments and 
the great advances in diagnostic methods and 
in specific therapy and surgery. Through these 
means we have helped to create another prob- 
lem, namely, the rapidly increasing number of 
our older population. We must appreciate that 
this is not only a medical challenge but, much 
more, a social one, and we as citizens are best 
equipped to meet it with advice and guidance 
to society in whose hands the solution rests. 

| wish to emphasize that a clear distinction 
must be made between the older individual as 
a person and as one subject to the incidental 
diseases which increase in frequency as the 
decades pass. To accomplish this distinction, 
[ would draw an analogy between the first 
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childhood and the second childhood, so-called. 
It is not without reason that the latter phrase 
was coined; the analogy is very real in general 
principles, although these may and do differ 
in detail. 

To begin with, let us consider the require- 
ments of the first childhood. A normally de- 
veloping child requires warmth, love, affec- 
tion, security, absence of anxiety, proper food 
to meet his needs, suitable housing, intellec- 
tual and physical occupation for mind and 
body, companionship, and, probably above all, 
a sense of being understood, appreciated and 
wanted, 

The older or aging person has the same re- 
quirements although perhaps with some varia- 
tion in emphasis to a greater or lesser degree. 
It may be said that the requirements of per- 
sons at all ages are the same, with particular 
emphasis on those who are handicapped. But 
during the robust years, the vigorous in mind 
and body can wrest their satisfactions from 
society and make their procurement part of 
the zest and joy of living. The old and the very 
young are handicapped in this competition, 
and they need the help of others. It is surpris- 
ing how comparable the two states are. 

The magnitude of the problem may be 
grasped only when we appreciate that there 
are more than 13 million people over 65 years 
of age in the United States and Canada, and 
in this city of Minneapolis—not to single it 
out more than any other city—there are prob- 
ably 35 thousand. It is not my purpose to deal 
with the physical disabilities of this group, 
which are in many ways of minor numerical 
importance, when counted in years of poten- 
tial unhappiness and often of despair, as com- 
pared with other factors. I refer rather to the 
intellectual, psychologic and social aspects of 
the aging process where we, both as guardians 
and as guides of our “aging children,” and 
also as citizens, can help to add happiness to 
their years. In other words, the psychosocial 
factors should also be our concern. 

We must appreciate that in the past 30 
years a tremendous social revolution has oc- 
curred in our so-called Western civilization, 
particularly in North America. We have 
changed from a predominantly rural popula- 
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tion to one which is now rapidly becoming 
more and more urban. 

Let us glance at some of the psychosocial 
factors which confront the aging population. 
I would first refer to compulsory retirement 
at 60 or 65. This was arbitrary and illogical 
and was most probably conditioned by the 
depression of the 1930's. It robbed manage- 
ment and production of wise counsellors and 
skilled artisans. It caused great distress, as 
many of those affected were unprepared either 
economically or psychologically, or both, for 
such a drastic disruption. 

There is now, ironically, a trend in reverse 
from compulsory and toward selective retire- 
ment. I need not cite the numerous examples 
of heads of governments who are over 70 and 
who are playing great roles in the councils of 
the nations. Hardships similar to those brought 
about by compulsory retirement come to those 
who, when over 50, become unemployed 
through no fault of their own. For them to 
obtain employment is often most difficult. 

What are these semielderly and elderly 
people to do with themselves? This problem 
may be quite divorced from any economic 
need. Unless they have some occupation or 
avocation which keeps them employed, wheth- 
er a financial return is required or not, the 
hours and days hang heavy on their hands. 
This becomes all the more poignant with the 
loss of a mate after many years of assured 
comradeship. 

I have become gravely suspicious of the 
diagnosis of cerebral arteriosclerosis as being 
a cause of those psychologic changes so fre- 
quently met with in the lonely elderly person, 
as these changes do not rest on firm anatomic 
evidence. The sense of not being wanted is a 
terrible cross to bear. So many of these peo- 
ple, when brought back into a social environ- 
ment of understanding and appreciation. soon 
lose their psychologic disability. 

It is not that I insist that the sole remedy 
rests in work; there is also recreation. There 
are hobbies and sports unto their capacity, 
and particularly in association with congenial 
fellows and with children, to lighten the tedi- 
um of loneliness. To my mind, the best remedy 
for all lies in community centers where hob- 


421 








bies and even oecupations can be carried on, 
if not for financial gain, certainly for emo 
tional profit. | do not refer in this instance to 
sheltered workshops, which have a cistinet 
place by themselves, but to those community 
centers where there would be a free mingling 
of three or even four generations, 

Probably the next most important aspect of 
the problem is the matter of housing, So many 
of the modern housing units are barely large 
enough for two generations, much less three. 
A survey of the distribution of the aging popu 
lation in a large urban center reveals that they 
were congregated in certain areas. Many of 
them lived in the houses of their ancestors. 
These houses were in the older parts of the 
city, many of them in slums, and had fallen 
into disrepair, with antiquated services, 

Some are of the opinion that this housing 
problem is to be solved by segregating the 
elderly in large institutions or colonies. So 
often these have had the atmosphere of hos 
pitals or homes for incurables, and now we 
hear more and more about institutions for the 
chronically ill, the definition of which | would 
like to receive from somebody. It is in this 
realm that the medical profession must stand 
ready and even lead the way to a humane and 
proper psychosocial solution of the problem. 
Too frequently the elderly person is made to 
feel like a pariah, unwanted, and as a conse- 
quence he slinks away like a wounded animal. 

There is another aspect of the loneliness of 
old age which calls for all the best in preven- 
tive medicine. In their loneliness, the aged 
become introspective and indifferent, not only 
to their envirenment but also as regards their 
personal hygiene and their diet, [t is true that 
this indifference is often precipitated to some 
extent by economic reasons, but not always, 
by any means. The dietary deficiencies of 
elderly people have not as yet been completely 
explored. It is probable that their carbohy- 
drate intake is adequate, that the fats are mar- 
ginal and biologic proteins deficient. Minerals 
and vitamins are dubious, particularly when 
they subsist on the traditional tea-and-toast 
regimen, It is true that florid avitaminosis is 
infrequently present, but it is not unusual to 
find anemia, hypoproteinemia and nutritional 
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edema, Many of these elderly people never 
consult a physician, but accept their trials and 
tribulations with a fatalism which is pathetic, 

I think we can be justly proud of what our 
profession has accomplished for the physical 
health of the child, but | do not think that we 
have pulled our weight in regard to the psy- 
chosocial aspects. | grant that there are some 
outstanding exceptions, but on the whole we 
have been more concerned with their diseases 
than with the individual’s total well-being. The 
trend has been to leave these aspects to others 
in the field of the social sciences, and yet we 
should remember that medicine is the first 
and greatest of these, 

The problems of the aging population are 
now crowding upon us, This is demonstrated 
by the increasing interest of federal, state, 
provincial and municipal governments in these 
problems. When | look over the list of mem- 
bers of various committees and commissions 
which have been appointed, | am impressed 
by the small number of our profession who 
are taking part. The subject is, however, one 
which should be of intense interest to us col- 
lectively. | would therefore suggest that every 
medical society, particularly on the county 
level or below, especially below, should create 
an active committee which in collaboration 
with other interested bodies would take the 
lead in planning and guiding the future course. 
The problem is, in the final analysis, of local 
concern. The smaller the area covered, the 
more intimate and understanding will be the 
approach, and hence the accomplishment. 

Economic and social barriers should be 
eliminated. Help for the aging should not rest 
on the humiliating basis of charity, but its 
provision should be considered rather as a 
community right and privilege. Federal, state 
or provincial governments should not be per- 
mitted to dictate or interfere in a bureaucratic 
fashion, but they will unless community spirit 
takes the lead in a truly democratic way. They 
may contribute financially, but let the local 
voluntary agencies carry out the job at the 
grass-roots level they know so well. 

Such a program will require tact and cour- 
age, sympathy and understanding, and, withal, 
careful planning and imagination. To begin 
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with, we should want to know how many are 
widows or widowers, how many are male or 
female spinsters, how many have friends and 
relatives who help financially and socially in 
their protection, and how many have em- 
barrassing physical disabilities. Further, it is 
important to know where they live and how 
they live. It should not be difficult to obtain 
this information, plus or minus a 5 per cent 
error. These answers would vary from com- 
munity to community and as to areas within 
large populations. 

It would be unwise to expect a rigid blue- 
print applicable or even adaptable to all com- 
munities. The cultural, climatic and ethnic 
factors would have to be taken into considera- 
tion, as well as the density of the population 
to be served, since urban and rural areas are 
bound to present different problems. 

There is much to be learned from the mis- 
takes and successes of others, for we are all 
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but human. The basic objective, however, is 
the spiritual, emotional, intellectual and physi- 
cal happiness of the older people within our 
community. Our motivation in this is not 
merely humanitarian and patriotic. On Sinai, 
the commandment given to Moses was ex- 
plicit: “Honor thy father and thy mother.” 
And centuries later, Jesus, quoting this com- 
mandment, adds: “Thou shalt love thy neigh- 
bor as thyself.” 

Whatever our beliefs and creeds, do we not 
all agree on the precept of the respect due to 
old age? To prove this, surely the promotion 
of happiness in our aging population is the 
goal to which we should all strive. 

As I conclude these few remarks, I desire 
to take this opportunity of expressing my per- 
sonal sorrow for the untimely death of Dr. 
Arthur Sullivan. He took great pride in this 
Assembly, and rightly so. He will be missed 
by many, as he was beloved of all. 
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ADJUSTMENT PROBLEMS OF 
THE SCHOOL-AGE CHILD 


Tue child’s early school years coincide with 
the time when his health needs and his gen- 
eral life situation are fairly stable. Medically, 
he will be exposed to a variety of contagious 
diseases which he usually copes with easily. 
There is, of course, always the risk of such a 
major illness as rheumatic fever, but actually 
the school-age youngster is more frequently 
in danger from automobiles than from serious 
diseases. 

During this period, when the child is nor- 
mally healthy, his need of a physician often 
will result from the major social change he 
makes when he starts to school. For many 
school-age children health problems are direct- 
ly related to emotional adjustment to school. 
Going to school presents three major chal- 
lenges to every child. He is confronted with 
leaving his home, adjusting to other children, 
and, above all, with learning. If he succeeds 
in this work, he may be able to go smoothly 
through school. If he fails, the failure may 
cling to him. The physician’s primary role is 
to interpret to the school and the family the 
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abilities and speed that any one child has in 
going through school. Teachers welcome this 
information, and it is helpful to both the child 
and his family when it comes with the author- 
ity of the physician. 

The major break the child makes with 
home when he goes into this new social area 
means separation from all of the supports on 
which he depends. For some children, going 
out of the home may be a very hazardous 
step. Abdominal pain, waking up and crying 
out in his sleep, and bed-wetting are typical 
symptoms a child may develop when he is 
getting acquainted with school. 

The problem of adjusting to a large num- 
ber of children and sitting with them through- 
out a school day curtails the child’s activities 
in comparison with his preschool life. The 
common symptomatology which this produces 
is restlessness. During the later years of this 
age period, restlessness may manifest itself in 
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terms of tics and bizarre habit patterns. A few 
children in this age period, with or without 
evidence of rheumatic fever, will show the less 
well-organized movements of chorea. This be- 
comes important because children manifesting 
chorea must be put to bed. Most children who 
exhibit restlessness and tics, especially facial 
and arm ties, are children who are having dif- 
ficulty adjusting to the pressures of school or 
home. Very often the physician becomes the 
person to cope with these problems, either by 
counseling the parents or by a direct discus- 
sion with the teacher. Only occasionally will 
psychiatric services be needed. 

The chief learning problem which the child 
has in his early school years is that of learn- 
ing the symbols we call reading. To many 
children, this becomes a real hazard. For a 
few children it is associated with emotional 
situations in the home. It may even relate to 
difficulties in learning to eat or in learning 
toilet training. Difficulty in reading is a par- 
ticularly important aspect of the school situa- 
tion, because much of the early learning in 
school concerns itself with reading. If a child 
is having difficulty learning to read, it is nec- 
essary to determine whether he is lacking in 
intellect or whether he is not using the intel- 
lect he possesses. 

Failure to learn to read is associated with 
a child’s whole attitude toward himself and 
toward school. Frequently he is judged a fail- 
ure by the school because of his difficulty. A 
feeling of failure accounts for the complaints 
of many school-age children. Somatic difficul- 
ties and bizarre behavior are two manifesta- 
tions of this problem in early years. In later 
years more severe behavior problems, and 
even delinquency, can often be traced to a 
child’s feeling of insecurity and inadequacy. 

It is important for the physician who is con- 
fronted with a child with many aches and 
pains to think of learning difficulty as the 
possible basis for these complaints. A thor- 
ough physical examination, reorientation of 
the child in relation to his ability to do school 
work, and helping the parents to understand 
the child are all part of the medical job. 

There is a very real reward for the physi- 
cian who can help a child through these years. 
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Children who have succeeded in early school- 
age adjustment develop an ability to work and 
to perform work satisfactorily. 


HENRY H. WORK 
University of Louisville School of Medicine 


FACT AND DELUSION IN 
POPULAR HEALTH EDUCATION 


Pcop.e are credulous. Vast numbers still be- 
lieve in astrologers, fortune tellers and magi- 
cians. They pay money for advice from palm 
readers and readers of tea leaves. Most peo- 
ple think there are simple cures for anything 
that ails mankind. The power of suggestion 
is the basis of most “miracle” cures, but the 
real miracles are apparent in the results of 
the “miracle” drugs and the new discoveries 
in medical science. The antibiotics—penicillin, 
streptomycin, AUREOMYCIN®, CHLOROMYCE- 
TIN®—effect real miracles, bringing new life 
to millions of persons who formerly would 
quite certainly have died of infection. 

People today read more about health than 
ever before. Unfortunately many periodicals 
feed this great interest by premature exploita- 
tion of serious work and by featuring half- 
baked “discoveries.” Although modern medi- 
cine cannot yet cure a common cold, new 
remedies appear with every cold season. Aging 
is a natural process for which science has as 
yet found no cure or palliative, but vast num- 
bers of women still buy wrinkle removers and 
bust developers, while men buy hair growers. 
The one certain method of reducing weight is 
by a properly selected diet, best individual- 
ized for each patient, but hardly a popular 
magazine exists in the United States that has 
not published 3 day, 5 day, 10 day or 10 
week diets guaranteed to remove poundage. 

Periodicals are not the only sinners. Radio 
and television are still promoting with novel 
claims headache remedies, laxatives, pain re- 
lievers and rejuvenators. Publicized vitamins, 
minerals and hormones have replaced the al- 
coholic tonics once used as stimulators. 

The scientific progress of nutrition has the 
potential of vast benefit for human health, but 
most people are exceedingly credulous in all 
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matters relating to diet. Medical science has 
shown that weight reduction is largely a mat- 
ter of physiologic bookkeeping (which means 
a definite record of the amount taken in in 
relationship to the amount used). Yet people 
ignore this basic principle and willingly try 
all sorts of special foods and tablets, exer- 
cisers, baths and one track diets in their ef- 
forts to lose weight. They have believed from 
time to time in Fletcherism, which involved 
the chewing of food to liquid consistency; 
vegetarianism, which condemned meat pro- 
teins; the uric acid notion, which held that 
uric acid was the cause of rheumatism and 
Bright’s disease; and more recently the idea 
that there are a multitude of dangerous food 
combinations. There are unestablished no- 
tions about eating 5 to LO times daily instead 
of three times and about having three to five 
actions of the bowel instead of one. 

There has been improvement in the ethics 
of publication during the last 40 years. The 
Associated Press, the United Press and, in 
fact, all the news services have developed con- 
trols over medical news. The health columnists 
in the press maintain a high average, although 
here and there an occasional faddist is given 
space to promote peculiar beliefs. For adver 
tising, the Federal Trade Commission exer- 
cises some restraint but it is handicapped by 
the smallness of its staff, the inability to main- 
tain sufficient scientific advisers, and the costs 
and delays associated with suits at law. 

The real answer is basic education on health, 
beginning early in the public schools; health 
merits a place in the curriculum along with 
reading, writing and arithmetic. 


MORRIS FISHBEDN 


THE TEN GREATEST 


A Favorite indoor sport of medical histo- 
rians and philosophers is to create lists of the 
10 greatest names in medicine, the 10 great- 
est discoveries in medicine, the 10 most im- 
portant drugs, and so on, ad infinitum. 

Dr. Louis H. Roddis,' distinguished medi- 
cal officer of the United States Navy, has re- 
cently listed what in his opinion are the 10 
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greatest advances in medicine of all time, 
The list is a tantalizing one. Almost every 
great medical discovery is associated with the 
name of a great investigator, and yet the long 
and complex history of medicine now makes 
it difficult to assign some of the contributions 
to an individual. 

The list developed by Dr. Roddis includes 
the discoveries of bacteria or other living or- 
ganisms as causes of infectious disease. Here 
Pasteur, Koch and Lis- 
ter, a Frenchman, a German and an English- 


he cites three names 


man--an example of the internationalism of 
medical science. If but one name were to be 
selected, it would unquestionably be that of 
Pasteur. The second discovery was smallpox 
vaccination by Edward Jenner. Jenner’s pri- 
ority and leadership are unchallenged, and 
this investigation is the basis of the science 
of immunology. The circulation of the blood 
was definitely established by William Harvey 
in 1628. Unquestionably the ancients had ink- 
lings of this phenomenon but the proof was 
clearly Harvey’s accomplishment. 

Anesthesia, listed fourth by Roddis—to my 
mind it should unquestionably have been 
first. -was discovered by Morton but the dis- 
covery cannot be separated from the name of 
Crawford Long and perhaps also that of Jack- 
son. Nor is the name of Carl Koller to be neg- 
lected since he holds the credit for the use of 
cocaine as a local anesthetic. William Conrad 
Roentgen discovered the roentgen ray, fifth 
of the choices made by Roddis. Sixth is placed 
the discovery of the transmission of diseases 
by insects, parasites and other animals. Dr. 
Roddis gives the credit to a number of in- 
vestigators, including Theobald Smith, Patrick 
Manson, Walter Reed, James Carroll and Jesse 
Lazear, all of whom played a great part in 
this work, but strangely the name of Henry 
Carter is omitted. As an afterthought comes 
the name of the great Carlos Finlay, and the 
Cubans consider his place at least equal to 
that of Walter Reed. 

To Ambrose Paré goes the seventh great 
discovery, the use of the ligature to control 
hemorrhage. Kighth is the conquest of scurvy 
for which James Lind receives the credit, but 
here too many other names occur of persons 
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whose discoveries, though later, were perhaps 
more scientific than Lind’s suggestion. That 
was, however, based on a controlled experi- 
ment. Ninth is the discovery of the stethoscope 
which Roddis discusses without even mention- 
ing the names of Laennec or Corvisart. 

Tenth in Roddis’ list is the discovery of the 
sulfonamides and the antibiotic drugs for 
which credit is properly assigned to Ehrlich, 
to Fleming and Florey and to Domagk with- 
out, however, any recognition of the funda- 
mental work of Chain and of a number of 
other investigators who seem to have been well 
on the trail even before Fleming. In 1899 
Emmerich and Loew wrote about the antibi- 
otic properties of a substance which could 
be extracted from Bacillus pyocyaneus, and 
in 1896 Gosio worked with Penicillium. Dis- 
coveries were made by Leiske in Germany in 
1921 and by Gratia and Dath of Belgium in 
1924. Actually Gosio isolated the antibiotic 
substance by making crystals of Penicillium 
in 1896 and rumor has it that it was only by 
chance that Chain used the Fleming rather 
than the Gratia Penicillium when he contrib- 
uted his vital step to the development of the 
antibiotics. 

The list fails entirely to recognize the sig- 
nificant place of psychiatry in the medical 
scheme. Sigmund Freud belongs in any list 
of the 10 greatest. And where is Hippocrates 
and the fundamental observations that made 
medicine a science? The whole subject is fas- 
cinating and the coming generation could 
have fun and learn a lot by debating it. 

MORRIS FISHBEIN 
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THAT TOUGH DIAGNOSIS 


During World War I, a much-abused jest re- 
ferred to a diagnosis which appeared on many 
history sheets, “GOK,” which translated into 
the vernacular meant “God Only Knows.” Ap- 
parently the “Standard Nomenclature of Dis- 
eases and Operations” has taken cognizance 
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of occasional difficulties in making a positive 
diagnosis and now provides for case history 
records a number which is to be used in indi- 
cating this inability to name with certainty 
the condition that affects the patient. The 
designation which appears on page 12 of the 
Nomenclature is yoo-yoo. A writer in the New 
England Journal of Medicine’ suggests that 
an eponym be established for this condition 
which he characterizes as Yoo-Yoo’s disease. 
The significance of this designation is “com- 
plete ignorance of the nature of a disease both 
as to its location and cause.” One may express 
the pious hope that this designation will not 
appear too often on history records to the con- 
sternation of the young ladies who devote their 
lives to that branch of medical service called 


medical record librarianship. 
MORRIS FISHBEIN 
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SIR ALEXANDER FLEMING 


@ye day in 1928 the late bacteriologist Alex- 
ander Fleming observed that a culture plate 
contaminated by a stray mold had a different 
appearance from that of the culture plates 
which he had previously observed. In this in- 
stance a ring of dead bacteria surrounded the 
contamination. For many years students of 
bacteriology examining culture plates had been 
accustomed to discard those contaminated by 
molds. Fleming observed something different; 
this observation gave rise to the new era of 
antibiotics. 

In 1946 Sir Alexander Fleming visited Chi- 
cago. I arranged a press interview for him at 
the Palmer House. One of the reporters asked 
him, “Mr. Fleming, what did you say when 
you discovered penicillin?” Fleming replied, 
“T don’t know what you mean.” “Well,” ques- 
tioned the reporter, “what did you say? Did 
you say, ‘Excelsior,’ or ‘I have it,’ or “This is 
it’ or just what did you say?” “Well,” said 
Fleming, and there was a twinkle in his eye, 
“T noticed that this plate appeared different 
from the others and I took it over to the win- 
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dow and I looked at it and I said, ‘Here’s a 
rum go’.” 

Fleming had a wry humor. All the furor 
and the numerous honors flowed over him 
without exciting him or disturbing him great- 
ly. After his notable discovery in 1928, he 
published the observations in the British Jour- 
nal of Experimental Pathology under the title 
“On the antibacterial action of cultures of a 
penicillium, with special reference to their use 
in the isolation of B. influenzae.” Describing 
his work, he said, “| made some investigation 
and the more | investigated it, the more inter- 
esting it became. | found that the mold made 
a powerful and nonpoisonous antiseptic which 
| christened penicillin. With the subsequent 
purification of penicillin | had nothing to do.” 

Ten years later during World War Il, Sir 
Howard Florey and Dr. Ernst Chain at Oxford 
University, who shared the Nobel Prize with 
Fleming, took penicillin from the laboratory 
and brought it to the bedside. Fleming was 
prompt to give them full credit for their con- 
tribution. That contribution incidentally is an 
outstanding example of the international as- 
pect of medical discovery. Alexander Flem- 
ing. the Scot, Howard Florey, the Australian, 
and Ernst Chain, refugee from central Europe. 
combined efforts to benefit mankind. 

The story of Alexander Fleming is a typical 
poverty-to-riches or humbleness-to-exalted po- 
sition record of a man. His father died when 
Alexander was only seven years old. The young 
Alexander went to the village school in Ayr- 
shire and then Kilmarnock Academy. At 14 
he went to London to live with an elderly 
brother who had already studied medicine at 
the University of Glasgow. In London he at- 
tended a polytechnic school and worked as a 
clerk in a shipping office. When he was 21 
years old, with savings from his salary and 
a succession of scholarships, he entered St. 
Mary’s Hospital Medical School: he went to 
that school because he loved to swim and St. 
Mary’s had an active swimming club. In school 
he won additional scholarship honors. He 
qualified in medicine in 1906 and two years 
later took the degrees of M.D. and B.S. at the 


University of London where he won the Uni- 
versity Gold Medal. His memory was phe- 
nomenal; he appears to have been able to 
learn from textbooks by a single reading. In 
1906 he became associated with Sir Almroth 
Wright at St. Mary’s where he worked for 
LO years. 

During World War I, he served with Alm- 
roth Wright in a research laboratory which 
was housed in the Casino at Boulogne. Here 
the saline pack to treat war wounds was de- 
veloped. Before the discovery of penicillin, 
Ileming was chiefly distinguished for his re- 


search on lysozymes which he found in many 


fluids of the human body and especially in 
tears. 

| had the pleasure of being with Dr. Flem- 
ing, shortly after his penicillin discovery, at a 
meeting in Geneva, Switzerland, and just a 
year or so ago at a meeting in Greece. He 
spoke always simply of his work and of its 
possibilities. He was also among the first to 
recognize the danger implicit in the possi- 
bility that bacterial organisms might become 
adapted to antibiotic drugs and thereby ac- 
quire a virulence for people who had devel- 
oped serious infections simply because the 
germs in the second person would not be sus- 
ceptible to control by the antibiotics. 

Sir Alexander Fleming was a man of cul- 
ture; his recreations included painting and 
literature; he loved rifle shooting, golf and 
swimming, and as he grew older, he did much 
work in his own garden. The first Lady Flem- 
ing died in 1949; in 1953, Dr. Fleming mar- 
ried Dr. Amalia Coutsouris, a Greek bae- 
teriologist who had begun work in the Wright- 
Fleming Institute in 1947, 

The discovery of penicillin has been called 
an accident, but such accidents happen only 
to prepared minds, working in an atmos- 
phere of freedom. In an address near the end 
of his life, Fleming said to a group of stu- 
dents, “It is for you to create the free atmos- 
phere which will allow genius full play. . 
Much in the future of humanity depends on 
the freedom of the researcher to pursue his 
own line of thoughts.” 

MORRIS FISHBEIN 
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